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A ‘Surface’ Rotary Retort Furnace is equipped with one 


.. Improved and uniform contact of metal pieces or more cast alloy retorts, each provided with an internal 
screw thread. The retorts are operated with an oscillating type 
with the prepared gas atmosphere, as compared } of monon which ts gentle and non-abrasive and accomplishes 


with other types of work handling | a forward movement of the metal preces through the retort 


2.High thermal efficiency. No trays fixtures to @ ‘Surface’ Rotary Retort Furnaces are the first successful units 


Naiae ae neil of their kind because a protecuve atmosphere ts utilized within 
the heating chamber as well as the rotary retort. A positive pres- 


sure is maintained within both arcas, thereby protecting the 
3,Fully automatic operation possible 


minimun 


metal trom outside air contamination during 
of manual handling. Low maintenance costs 


heat treating and quenching 


. These units provide unusually high quality 
4.Especially adaptable to limited production by \ 


heat treacment. Capital investment about 40% 
control of rotation cycle and/or charging rate. that of equivalent pusher-type furnace Min- 


imum space required tor high production. 


5. ‘Surface’ RX Gas Atmosphere Generator supplies oo ; 
\ omplete Is c , “147 
atmosphere gas for all modern heat treatments ———> @ Complete details are given in Bulletin SC-147. 


— . , 
= Write for your copy today 


e SURFACE COMBUSTION CORPORATION + TOLEDO 1, OHIO 


FOREIGN AFFILIATES 


Stem & Roubors, Paris British Furnaces. Lid., Chesterfield — 


FOR: Gas Corburizing and Carbon Restoration (Skin Recovery), Homogeneous Corburi- 

zotion, Clean ond Bright Atmosphere Hordening, Bright Gas-Normalizing and Anneal- 

ing. Dry (Gas) Cyaniding, Bright Super-Fast Gas Quenching, Atmosphere Malieableizing 
and Atmosphere Forging. Gas Atmosphere Generators. 
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How to GET 
over 17 F 000 
“AT HOME?’ welcomes 


to your advertising 


message 


No mystery! No mirrors! No mirages' 
Metal Progress is delivered right to the 
HOMES of over 17.000 out of 21.000 


readers every month. 


Metal Progress Advertising is Read 
(99°) by actual survey). Metal Prog- 
ress readers are influenced by its Adver- 
tising (96°, by. actual survey). Metal 
Progress Readers 1077 upon Metal 
Progress Advertising (78°, by actual 


survey). 


The “At Home” feeling of over 17.000 
Metals Engineers makes Metal Progress 
Advertising easy to read. easy to study, 


and easy to CT upon. 


No Hoonder Metal Progress is Tops! 


METAL PROGRESS 


7301 EUCLID AVE. 


CLEVELAND 3, OHIO 





All These Jobs, And Probably Some of Yours, Can Be Done Faster, Better 
and at Lower Cost with TOCCO* Induction Heating 


THE OHIO CRANKSHAFT COMPANY “Mail Coupon Today 


pwew FREE & me ono cranxsnart co. 
BULLETIN Dept. ®-2 Cleveland 1, Obie 


Please send copy of 
“TOCCO Induction Heating”. 


Zone —._. State 
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The rack pictured above is a typical sxample 
of how The Pressed Steel Co. is helping its custom- 
ers, in two ways, to cut labor costs 
This fixture, with its 
removable trays, eliminated three complete handlings. 
The trays get their load of small parts at machine 
side. Without further handling they are trucked, car- 
burized, quenched and then routed through finishing. 

Second, because PSC welded alloy heat-treating 
equipment weighs 2/3 less than cast equipment, it 
handles easier and faster; in addition it requires less 
time to attain pot heat. 


First, in parts handling. 


A recent study of one cust- 
omer's cycle showed a total saving of 5 hours. 

Let our technical staff work with you in devis- 

ing production savings. As pioneers 

of light-weight, sheet alloy heat-treat- 


ing containers and fixtures, we make 


available to you 

a wealth of 

designing and production know-how. Whether you 
are installing new furnaces or need replacement 
equipment, let us send you information how PSC 
welded alloy units cut labor and fuel costs, and 
shorten heating cycles. We furnish standard or 
special welded alloy equipment in any size, and in 
any metal to meet your heat and corrosion require- 


ments. Send blue prints or write as to your needs. 


Light-Weight Weat-Treating Equipment for Every Purpose 


Carburizing and Annealing Boxes 
Baskets . Trays - Fixtures 
Muffles . Retorts . Racks 
Annealing Covers and Tubes 
Pickling Equipment 


Tumbling Barrels . Tanks 
Cyanide and Lead Pots 
Thermocouple Protection Tubes 
Radiant Furnace Tubes and Parts 
Heat, Corrosion Resistant Tubing 


THE PRESSED STEEL COMPANY 


of WILKES*BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Aliloys 


* « x OFFICES 


IN PRINCIPAL CITIES 
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Det symbols show variations in 

tapping temperatures of open- 

heerth steel in a Penna. mill. 
Too-Hot Zone 

@ 44% Sticking Ingots @ < 


Prorit ZONE 
@ 99% Good Ingots @< 


Too-CoLp ZONE 
O 52% Ladle Skulls O< 





Herizentel lines ore 4 ' et 


ee 





of epen-hearth 
melts. Verticel lines ore hundredths ef one percent carbon 
in the steel; note how lower limit of optimum temperature 
falls as carbon rises. 


SEL AA RENT 


Fewer Bride’s Biscuits’ from the Open Hearth 


foe 


As every open-hearth man knows, molten 


steel is not unlike a bride's biscuit—it sticks to 
things. When tapped too hot, it sticks to ingot 
molds and stools; when too cold, some of the 
melt never gets to the mold, but sticks in the 
ladie as a cup-shaped ‘‘skull.’’ But—these 
troubles with steel, like troubles with biscuits, 
yield to careful, persevering, intelligent methods 
In the case of steel, these methods now in 
clude measurements of steel temperature before 
it leaves the open-hearth furnace, in order to hit 
the correct tap temperature. And today’s per- 
fected model of the Immersion Rayotube is just 
the instrument for these measurements. Recent 
Rayotube improvements permit it to be plunged 
as often as desired right into the liquid steel, as 
a help in saving time, labor and fuel, while in 
creasing the yield of each furnace melt. 


Acknowledgement is mode to Clark ond Feigen 
boum of Jones & Laughlin Stee! Co., in their 
AIMME Technica! Poper 2031, for the above chart; 
but its use does not imply their endorsement of 
L&N products 


dri, Ad. NS3-338-643(1) 


Metal Progress is published and copyrighted, 1950, by American Society 
Metals, 7301 Euclid Avenue, Cleveland, Ohio 


leeued monthly; 


subscriptions $7.50 « year ? 
at the post office at Cleveland, Ohio, ander the ect of March 4% 


Use Immersion Rayotube Often! 


First helpers use the perfected Immersion 
Rayotube several times while working the heat. 
They check temperatures both before and ofter 
adding ore or oxygen. . 
materials . . 


. when adding alloy 
. when the bath is sluggish, as well 
as when it is finishing off satisfactorily . . . and 
always just before blocking or tapping. Using the 
instrument frequently makes it much easier to 
bring the melt to correct temperature just at the 
time all other metallurgical specifications have 
been fitted together to create the desired steel. 


Maintenance Is Lowest 


No other way of measuring bath temperature 
offers such a useful combination of dependable 
results and freedom from special maintenance 
after each reading . . . Why not let an L&N 
engineer supply the facts? Just write us at 4927 
Stenton Ave., Philadelphia 44, Pa. 


MEASURING (HSTRUMENTS TELEMETERE AVTOMATIC CONTROLS © HEAT-TREATING FURNACES 


Eatered as second-class matter Feb 
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THROUGHOUT THE QUENCH! 


Why permit old-fashioned quenching methods to 
eat up a substanual portion of your profits? By in- 
stalling a B & G Hydro-Flo Oil Cooler, you can 
eliminate the losses caused by excessive rejects— 
make an “inside profit’ by cutting operating costs. 

The “SC” Series Hydro-Flo Oil Cooler combines 
Cooler, Motor, Pump, Strainer and all controls in 


= COOL OIL 


Diagram shows an 
instantaneous ty pe 
of B& G Oil Cooler 
installation, suitable 
for continuous 
quenching. The oil 
in the quench tank 
and system is cooled 
ata rate equal to the 
per minute heat load 
without need tor 
supplemeatal oil 
storage. 


QUENCH TANK 





a single, integrated unit. Completely automatic, it 
keeps oil temperature at the desired degree through 
all stages of the quench. You are assured of uniform 
quality in your product because of uniform quenching 
conditions! 

Send for combined Catalog and Simplified Selec- 
tion Manual. 


WATER OUTLET 





BiG CENTRIFUGAL PUMP-- 
B{G STRAINER 


Hydro-Fie oit QuencHiNG SYSTEMS 


BELL & GOSSETT COMPANY 


Dept. BF-16, MORTON GROVE, ILLINOIS 
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WHAT THE 
BELL TOLD- 


When the Liberty Bell announced 
our freedom 174 years ago this month, it told 
all the world a story of mankind’s progress. 
The ancient bell is cracked and silent now, 
but the freedom it signaled is as vital as ever. 
It is ours to cherish and protect. 

The Wisconsin Steel organization believes 
that progress and competition are marks of 


freedom. They make freedom live. Unham- 
pered by tyranny and oppression, we have 
moved steadily forward, constantly improv- 
ing our products to compete with other steel 
producers. We shall continue to do so and our 
customers will benefit. It is our contribution 
to our continued freedom, a priceless benefit 
that we all enjoy. 


WISCONSIN STEEL COMPANY, Affiliate of 
INTERNATIONAL HARVESTER COMPANY 


| TERNATIONAL 
waevestee 


WISCONSIN 


180 North Michigan Avenue * Chicago 1, Illinois 


STEEL 
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Coil Springs 


are Accurately Hardened 

ina HEVI DUTY 

Combustion Tube 
FURNACE 


A Hevi Duty hinged tube 
electric furnace in use at 
the Borg Products Division 
of the George W. Borg 
Corp., Delavan, Wisconsin. 


Precise heat treating of hairsprings used in the automobile 
clocks manufactured at the Borg Products Division is accomplished in a 
Hevi Duty hinged tube furnace. A controlled atmosphere is utilized to 
provide a bright surface on the work. 


The increased use of Hevi Duty Combustion Tube furnaces as production 
tools, and their varied applications in analytical research, has caused 
them to become standard with many manufacturers. For complete details 


send for Bulletin HD1 236. 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEMIEeBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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For maximum van trailer lightness, 


manufacturer designs floor of Dow 












































coll 


the world’s lightest structural metal! 





Magnesium 


More than 650 Ib. of costly dead weight removed from a 
32-foot van trailer! That’s what happened when a leading 
manufacturer designed a floor made up of /u// length extruded 
magnesium “boards”. 


Not only does the extruded magnesium floor weigh signifi 
cantly less than the heavy floor it replaced, it is also 83° 
stronger and requires much less maintenance. In addition, the 
new floor is free from troublesome splinters and does not pick 
up objectionable odors from the cargo. 


Magnesium is a wise choice for lightweight strength and 
durability. A full one-third lighter than any other structural 
metal, magnesium’s high strength-weight ratie permits strong, 
rigid designs of surprising lightness. Magnesium is versatile, 
too. Available in all common forms, it is easily fabri 
cated by simple, established shop procedures. For tech 
nical information about magnesium, call your nearest 
Dow sales offce, or write Dept. MG-62 in Midland. 


Mognesivm Divison 
THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 
Mew York + Boston - Phitedeiphia + Washington » Atiente - Cleveiend » Dewen 
Chleage + %. Lewis + Houston + Sen Frenciece + Lee Angeles + Seattle 
Dew Chemice! of Conede, Limited, Terente, Conede 


Extrusions — 


light, strong, versatile 


To withstand the severe shock and bending loads imposed by fork 


lift trucks, the manufacturer designed this lightweight multi-ribbed 


section. Here again the flexibility of the magnesium extrusion process 
made it possible to tailor this lightest of structural metals to job 
requirements—cutting fabrication costs to a minimum. 


Lighter Products Sell—make your products Magnesium Light! 
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It's no time to fiddle! 


Heap.ines warn us of the menace of 
spies and subversive agents. But in every com- 
munity there is a hazard, largely unrecognized, 
which may become ready tinder for the ravag- 
ing flames of socialism and communism. This 
is the misconception of everyday economic facts 
that exist among our young people. 

For example, a recent poll among high school 
seniors shows that the majority of them believe 
that the owners of business take out for them- 
selves a larger share of the income than is paid 
to employees. They think the stockholders’ av- 
erage return is 24% of the sales dollar. The 
truth is that stockholders average less than 3%, 
whereas over 30% of the income dollar is paid 
out as wages, pensions and other benefits. 


Our young people do not seem to realize that 
paying dividends is only one function of prof- 
its. Far more important today is the need for 
profit to keep business competitive, and to pay 
for new buildings, machinery, and other neces- 
sary equipment and to provide new and more 
jobs. Ignorance of this fundamental concept 
breeds contempt for the system of enterprise 
that built our country and keeps it strong. 

The facts of business must be given to our 
boys and girls to protect theirfuture. Only busi- 
ness men can supply the facts. As a business 
leader in your community, it is your responsibil- 
ity to help clear up such misconceptions. The 
old story that Nero fiddled while Rome burned 
must not have a counterpart in America. 


The Youngstown Sheet and Tube Company 
General Offices - Youngstown ], Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


RAILROAD TRACK SPIKES - CONDUIT - 
TUBULAR PRODUCTS - WIRE - 


HOT AND COLD FINISHED CARBON AND ALLOY BARS - 
ELECTROLYTIC TIN PLATE - 


PIPE AND 


COKE TIN PLATE - RODS - SHEETS - PLATES. 
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BASIC 

FOR EVERY 

TOOLROOM 
¢ 


the LINDBERG 
TOOLROOM TEAM 


When production depends on tools and dies, 
tools and dies depend on the LINDBERG 
TOOLROOM TEAM—a basic requirement 
in every toolroom—a must where you want 
the ultimate in tools and dies which will 
keep your production rate up and your ma- 
chinery running with a minimum of tool and 
die failure. The LINDBERG TOOLROOM 
TEAM gives you the precision heat treating 
which your precision tools and dies need 


for lasting performance. 


LINDBERG HARDENING FURNACE — 
eliminates finishing due to scale and decarb 


with simple accurate atmosphere control. 


LINDBERG TEMPERING FURNACE — 
allows you to obtain the exact “Rockwell 
Hardness” required for each specific tool 


or die. 


steel—investigate the Lindberg “L” Type 
combination preheat—high heat Furnace. 





LINDBERG 
FURNACES 


UNDBERG ENGINEERING COMPANY  W. Hubberd Street, Chicege 12, Milneis 
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: -form 
forg* 


Me. 4 REDUCEROLL No. 6A MAXIPRES 


— THIS DOOR 16 ALWAYS OPEN 

HE PSTIONAL 

Care” SERS, 
‘oan en We'shall be pleased to assist yoy with your forging prob- 

lems. Our entire organization is available to you. Send 

us blueprints or a sample of the part you wish to forge. 


Better yet, visit us. No obligation, of course. 


NATIONAL 


TIFFIN, OHIO. 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD MEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 
New Yerk Detroit Chicago 
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These lightweight pistons of Gray Iron illustrate a num- 
ber of the important qualities of this versatile metal. 

Wear resistance, of course, is of prime importance 
here. By alloying and heat-treating Gray Iron you can 
further increase its strength and wear resistance to 
almost any desired specification. Thermal stability is 


Gray Iron Characteristics Include: 
Castability 
Rigidity 
Low Notch Sensitivity 


Wear Resistance 
Heat Resistance 
Corrosion Resistance 
Wide Strength Range 


Make It Better with Gray Iron 


MAKE IT 


BETTER 


WITH 
GRAY 
IRON 


fou 


another useful quality. Castability to precise dimen- 
sions is important, too. 

Look over this unmatched combination of properties 
which Gray Iron offers. Are you taking full advantage 
of these in your products... plus Gray Iron’s ultimate 
economy? 


Machinability 
Vibration Absorption 
Durability 


Second largest industry in the metal-working field 


’ ." 


X t/ 


GRAY IRON FOUNDERS’ SOCIETY. INC. 
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How TIMKEN’ DM-2 steel helps new valve 
solve a heat and pressure problem 


HE new Powell Bonnetless Valve is used on 

small piping systems and on by-passes of larger 
valves. It has to withstand the kind of temperatures 
and pressures that produce creep in most steels 
below the stainless group. 


Designers answered the problem by making the 
valve body of Timken* DM-2 alloy steel (in red on 
diagram of valve at left). This remarkable steel —de- 
veloped by Timken Company metallurgists—has out- 
standing creep strength at temperatures up to 1100° F. 


Timken DM-2 is recommended for jobs that have 
used standard .50 Mo steel in the past. Besides having 
greater creep strength, DM-2 has better corrosion and 
oxidation resistance. It will not graphitize. Its tensile 
properties are practically unchanged by long heating 
under stress at 1100° F. 

These advantages make Timken DM-2 an ideal steel 
for high pressure boiler tubing, superheater tubing and 
high temperature steam piping, as well as valve parts. 


For complete data contact our Technical Staff. Also 
write on your business letterhead for “Timken Pres- 
sure Tubes and Piping’’. The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: “TIMROSCO”. 


POWELL BONNETLESS VALVE is made by The 
William Powell Company, Cincinnati, Obie. 
Portion of diagram in red shows Timken 
DM.-2 steel body. 





YEARS AHEAD — THROUGH EXPERIENCE AND RESEARCH 
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For the Production Engineers Notebook — 


Product engineers, even the geniuses among them, find that 


the formula, “!I{) inspiration, 99°) perspiration.” 


pretty 
regularly applies. 


Perspiration in design is brought about by the inevitable 


ldeas conflict between operating funetion—how well the part will 


do its job—and such other important factors as sales appeal. 

he W. Y/ serviceability, and manufacturing methods. 
or 4 ded What we are all striving for is to apply welding most eco- 
nomically. We in Linpe stand ready to help the product 


e 
Design engineer in the applications of welding methods wherever we 


can. Sometimes economies in production come from a sub- 
stitution of welding for more expensive methods, but often 
just a small change in design or practice reduces the cost of 


present welding operations. 


Pointers on welded design leading to Pointers on welding processes leading 
production economies. to production economies. 


Le the process that gives the greatest total Unionmett welding: high speed process for 
economy. deep-penetrated welds—minimum cleaning 
Design for down-hand welding where pos- and finishing—no spatter, sparks, or smoke 
sible. But locate welds so as to minimize usually mechanized— will make butt. tee. and 


handling. lap fillets, plug, and molded welds. Used for 


Mechanize welding. Weld as many joints most ferrous and many non-ferrous metal- 


simultaneously as possible. Ash Lanne for booklet F-6077. 


Make minimum dimension changes when 
making different sized models. Heuarc welding: used for most metals. espe- 
Reduce the number of parts. But sometimes vially aluminum, magnesium, stainless steel 
it is better to increase the number of parts and copper alloys. Particularly useful for 
and cut rejects in intricate castings or form- sheet steel. Manual or mechanized—high 
ings by welding together simple forms. speed — greatest feature is minimized cleaning 
Use standard shapes and easily formed and finishing because of flux and spatter elimi- 
seo thats, nation. Ask for booklet F-6291. 


Fake advantage of other economies that are inherent in such oxy -acetylene processes as flame- 
cutting, welding, surfacing, hardening. For more information on any of these processes call or 


write to The Linde Air Products Company, offices in principal cities. 


Genius is 1°) inspiration and 99°) perspiration.” credited in GOLDEN BOOR, April, 1931, 


te a newspaper miterview with Phomas (A. bison 





THE LINDE Bike PRODUCTS COMPANY 

oe Py of Union Carbide and Carbon Corporation 
per ae ec UCT} Offices im Other Principal Cities 
sin — COMPANY, LIMITED, Toreate 
‘orc and “Unionmelt” ore registered trade-morks 
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MICROCASTINGS 


Cut Cost 60% 


ELIMINATE POROSITY - MACHINING 





MICROCAST components, as cast, are 
structurally sound, dimensionally uni- 
form, and cast to such close tolerances 
that little or no machining is needed. 
Intricate shapes such as this can be speci- 
fied in such extremely hard, non-machine- 
able, non-forgeable alloys as stainless 
steel, cool steel, Stellite, and others. Write 


for complete technical information. 


WRITE FOR FREE MICROCAST MANUAL 
The Microcast Process is graphically described 
in this 16-page booklet. Many applications 
are shown, together with specifications and 


step-by-step explanation. Write today! 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, InC. 
224 East 39th Street « New York 16, New York 
715 East 69th Place o Chicago 37, illinois 


July, 1950; Page 15 








Operator using the new Model No. 1506 low speed pol- 
isher. Section of laboratory equipped with No. 1251 Duo 
Belt Sander—No. 1700 Electro Polisher—No. 1315 Press. 


THE ——s LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES... CUT-OFF MACHINES @ SPECIMEN 
Mott NT PRESSES @ POWER GRINDERS @ EMERY 
PAPER GRINDERS @ HAND GRINDERS e BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH 
ERS @ POLISHING CLOTHS e POLISHING ABRASIVES 


Paetwmtasmir 


Bushler Lid. 


METALLURGICAL 


LABORATORY 
EQUIPMENT 


. provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 

insistance on perfection in the mechanical design 
and construction of each item. 

Everything needed for metallurgical testing from 
cut-off machines, moulding presses, and grinders to 
the mechanical or electrolytic polishers is included 
in the Buehler line. 

In setting up complete laboratories or adding 
items to present equipment the metallurgists will 
find in the Buehler line of coordinated equipment 
everything needed fer producing the best work, 
with speed and accuracy. 


Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond- 
ence relative to setting up complete laboratories 
suitable for any particular requirement. 


Exclusive U.S. egents for Amsler and Ch d Testing Mach 





sc ae semen ssns 


kee Det 
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ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (D 


CHAMPAIGN -« ILLINOIS 
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NICKEL SILVER .. scsi inte 


clear through—ranging from a soft ivory white in the 
low-nickel alloys, to a brilliant silvery white in alloys 
upwards of 18% nickel. It has higher strength and greater 
resistance to general corrosion than brasses containing 
an equal amount of copper. 

It's a highly malleable and ductile metal, too. . . readily 
drawn, stamped, formed, spun, swaged, upset, forged, 
extruded, machined, soldered, brazed or welded. 

Its durability, beautiful luster, ease of fabrication 
and moderate price, account for its broad acceptance 
in so many fields—both decorative and utilitarian. 

Each year, millions of pounds of Anaconda Nickel 
Silver are produced by The American Brass Company 


—in all commercial forms—in all standard compositions, 
finishes and tempers. We'll be glad to recommend the 
alloy best suited to meet the individual requirements of 
your products, Address the General Offices, Waterbury 
20, Cennecticut. In Canada, New Toronto, Ontario. ses 














ANACONDA 
I se some to wmenser » NICKEL SILVER 


SHEETS-WIRE+-RODS-+-TUBES AND SPECIAL SHAPES 














Now you can apply a clear protective Iridite 
film to mill or buffed aluminum surfaces in as 
little as 10 seconds . . . without changing the 
oppearance of the metal. Or, a highly pro- 
tective yellow colored film can be produced 


from a one to two minute immersion. 


Since its introduction, Iridite Al-Coat has been 
widely acclaimed for its ease and speed of 


Aloniove fabricators say GUE YR a> ai-coar fills 


long-sought need for non-electrolytic corrosion resistant coating 


application, superior corrosion resistance and 
low cost. Because of its simple operation, 
lridite Al-Coat is replacing more complicated 
and expensive electrolytic processes for pro- 
viding a corrosion resistant final finish or paint 


base for aluminum surfaces. 

Write or wire direct, or ask your Iridite repre- 

sentative for full information and samples. Or, 
send us a sample of your 








= 


Here's Why It’s Best For You... 

ONE SOLUTION —No 
FAST PRODUCTION — Few seconds 
to 2 minute immersion... CONROSION RESISTANCE—Up fo 1,000 


APPLICATION — Dip, spray or brush 


heat or current— single dip 


product for test processing. 


ALLIED RESEARCH 


hours salt spray on wrought stock, 250 hours on costings. Meets all 


military specifications 
peeling from buffing, bendiny: or scraping 


underfilm corrosion 


ABRASION RESISTANCE — No floking or 
PAINT BASE — Blocks 
APPL ARANCE —Color selection —cléor or 


PRODUCTS, INC. 


yellow WELDABILITY — Con be spot welded, aids shelded-orc 


welding 


CONDUCTIVITY —low surfoce electrical resstonce... 
LOW COST—SAVES UP TO 50°) OVER OTHER 


PROCESSES 





REPRESENTATIVES IN PRINCIPAL INDUSTRIAL CITIES; WEST COAST--L. H. BUTCHER CO. 
MANUFACTURERS OF IRIDITE FINISHES FOR CORROSION RESISTANCE AND PAINT SYSTEMS FOK NON-FERROUS METALS: ARP PLATING CHEMICALS 
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CLEVELAND, OHIO 


Sond & Permanent Mold Foundries 


DETROIT, MICHIGAN 


ln 


Carefully cast by the thousands at 


In diese! bearings or any other casting, the larger the 
quantity—the tougher your designs—the more Alcoa 
foundries can save you. With modern equipment and 
62 years of aluminum experience, Alcoa tackles cast- 
ings that others balk at. 

If you want lighter products—easier handling— 
faster machining—freedom from finishing—you want 
aluminum castings. 





Look for Aluminum Company of America listed 
under “aluminum” in your phone book. Call there 
for an Alcoa specialist, or write: ALUMINUM COMPANY 
OF AMERICA, 1993G Gulf Bldg., Pittsburgh 19, Penna. 


ela 
Asie 


ALUMINUM CASTINGS “* 
4 ALCOA 
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POINTS THE WAY 


Machinability plus Corrosion - Resistance 


High machinability . . . unsurpassed corrosion- 
resistance ... here are two of the many good 
reasons why it pays to use Republic ENDURO 
Stainless Steel in Free-Machining analyses. 
In this stainless steel needle valve and seat 
used in oil well flow lines, for example, high 
machinability is obtained from ENDURO 
type 420-F bar stock. Corrosive crude oil has 
little effect upon these parts which would be 
short-lived if made of carbon steel. 

A product of Republic’s famed Union Drawn 
Division, ENDURO Cold-finished Bars are 


consistently uniform in accuracy of section, 
fine surface finish and MACHINABILITY. 
Add ENDURO’s natural sanitation, heat- 
resistance, high strength and ease of clean- 
ing, and you have all the reasons for using 
them in YOUR PRODUCT. 

For further information about ENDURO 
Stainless Stee! Bars—cold finished, hot rolled 
and wire—write today. 

REPUBLIC STEEL CORPORATION 

Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
kxaport Department: Chrysler Building, New York 17, N.Y. 


Reoiible 4 \QULO 


—- SHAIMINASS Syaat, 


Other Republic Products include Carbon and Alley Steels— Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Belts and Nuts, Tubing 
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“with Gulf Soluble Cutting Oit 





we eliminated rusting of work in process, 


eee 


says this Asst. Superintendent 


“With the soluble oil we used previously, steel 
parts rusted between machining operations,” says 
the Assistant Superintendent of this machine 
shop. “Now we use Gulf Soluble Cutting Oil— 
1 to 20 mix—and this problem has been elimi- 
nated. Finished surfaces stay bright. This speaks 
well for Gulf Soluble Cutting Oil since some of 
the parts must be protected for as long as two 
weeks.” 

Other properties which make Gulf Soluble 
Cutting Oil the preferred cutting fluid in scores 
of machine shops: It emulsifies readily with all 
but the hardest water; forms a stable emulsion; 
and is nonfoaming. 


Gulf Oil Corporation - Gulf Refining Company 


GULF BUILDING, PITTSBURGH, PA 
Sales Offices - Warehouses 


Located in principal cities and towns throughout 
Gulf’s marketing territory 


For further information on Gulf Soluble Cut- 
ting Oil—and for one of Gulf's practical slide- 
rule-type calculators which will help you main- 
tain desired soluble oil concentrations—send the 
coupon below. 


Gulf Oil Corporation 
Pittsburgh 40, Pa 

Piease send me, without obligation, the material | have indicated 
below 


Gulf Refining Company 


Further information on the new Gulf Soluble 


L) 

Cutting Oil. 
[—] Practical Slide-rule-type calculator for help in 
LJ maintaining desired soluble oi! concentrations 

Name 

Company 

Title 

Address 
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Advertisement 


RLICrROMaT 


Dalia Shei 


A Digest of the Production. Properties. and Uses of Steels and Other Metals 


Published by Electro Metallurgical Division. Union Carbide and Carbon 


Corporation, 30 East 42nd Street, 


New York 17. N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited, Welland. Ontario 
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you can 6e SURE... ie irs 
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Here’s the solution to your 
Gas Carburizing Problems 


Westinghouse Therm-a-neering has the 
answers. This engineering and metallurgical 
service is offered with no obligation to the 
man who “can’t be sold”, but, who is willing 
to accept proof of efficiency and dependability. 
Therm-a-neering custom-builds equipment to 
fit your individual requirements, assuring 
smooth and economical operation of your heat- 
treating line. 

Take the carburizing furnace shown above, 
for example: one continuous and complete 
operation puts all parts through the same cycle, 
same atmosphere, same temperature. Uniform- 
ity of parts is assured. Rejects are eliminated. 

And the work is done fast. No handling of 
parts is required between charging and dis- 
charging. ‘ewe open automatically. One 


Therm-a-neering. A HEAT AND METALLURGICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 


ENGINEERS — Thermal. design and metallurgical engineers two help you swdy 
your heat-treating problems with a view toward recommending specific heat 
treating furnaces and atmospheres 


RESEARCH—A weil-equipped metallurgical laboratory in which w run tex 
samples to demonstrate the Gnish, hardness and metallurgical results that can 
be expected on a production basis 

PRODUCTION—A modern plant devoted entirely to industrial heaung 


EXPERIENCE — Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmo«phere generators. 


operator handles all work easily. Production 
is maintained at 800 net pounds per hour. 

This installation is typical of the way 
Westinghouse furnaces—both gas-fired and 
electric—are answering today’s production 
problems. And because Westinghouse engi- 
neers have no favorite to play: they can study 
your problems from an unbiased point of view 
in helping you select the equipment to do your 
job most efficiently and economically. 

Let Therm-a-neering help you. Call your 
nearby Westinghouse representative for de- 
tails, or write Westinghouse Electric Corpora- 
tion, 181 Mercer St., Meadville, Pa. J-10350 


GAS AND ELECTRIC 
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“We can’t say enough about Airco’s NEW No. Monograph... 


its portability, 
accuracy and shape 
cutting versatility make 
it a MUST for every 
metal working shop...” 


Says Mr. J]. C. Hustad, President 


Hustad Company, Minneapolis, Minn. 


Used for machine gas cutting of special structural shapes at 
Hustad, the Airco No. 3 Monograph has more than proved 
its ability to meet the demand for straight line, circle and 
bevel cutting, with an extremely high degree of accuracy. 

Further, with a cutting area of 32 inches by 56 inches, it 
gives excellent results in cutting most any steel shape up to 
8 inches thick... and a G6-foot 8-inch rail can be added, 
extending the cutting area indefinitely 

This NEW machine is the lowest priced machine of its 
type in the field (only $695, including a manual tracing 
device, torch, tip, tubular rail, hose and carrying case). Also, 
it is portable—the machine itself weighs but 110 Ibs and 
the tubular rail 35 Ibs. The entire unit ts packed in a carry- 


ing case which can be conveniently handled by two men 


SPECIAL TRIAL OFFER 

Good in Continental U.S.A. Only) 

If you would like to try this machine for two weeks in your 
oun shop on your own work, just drop a letter to your nearest 
Airco othce or authorized Airco dealer and they will advise 
you how a shop-trial can be arranged . . . or, if you would 
like a descriptive folder (ADC-660) they will be glad to 


send you a copys 


a=) 
ainco) AiR REDUCTION 


Offices in Principal Cities 


Headquarters tor Oxygen, Acetylene and Other Gases Calcium Carbide 
Gas Cutting Machines Gas Welding and Cutting Apparatus and 
Supplies Arc Welders, Electrodes and Accessories. 


This shows o clewis for a stee! mill quide cut from 6 
plate —note the smoothness of the cut, reducing consid 
erably machining cost end time 
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MANUFACTURING PLANTS - MACHINE SHOPS 
SHIPYARDS -FORGE SHOPS -ROLLING MILLS 
MINES - FOUNDRIES - FABRICATING WORKS 


geTH EHEy 


We are makers of tool steel, and large users as well 
We use hundreds of tons of Bethlehem Tool Steels 
every year. Tools and dies, made from dozens of our 
different grades, are put to work on production jobs 
in Bethlehem shipyards, mines, machine shops, 
foundries, torge shops, rolling mills, fabricating works 


and manufacturing plants 

Knowing exactly how to treat and apply a tool is 
often just as important as the inherent quality of the 
tool steel. By .making full use of our tremendous 
proving grounds we’ ve learned a whale of a lot about 


tool steel. On one job, for example, we may match 


~~ 
EE 


; three grades against each other. In another case we 
» from Lehigh H, our popular high . 
may try several different heat-treatments on one steel 
r long production runs. Made in one 
jie produces parts from le hee in order to achieve the best properties for a shear 
st the Bethlehem, Pa., plant blade, a tool bit, or a punch. Improved grades of tool 
steel are often the direct result of long observance 
of tool performance in our own shops 
By putting tool steels to work among our own family, 
we gather reliable facts with which to supplement the 
findings of our laboratories. All of this leads to finding 
better ways to heat-treat tools, improved techniques 
in forging, machining, grinding. We pass along this 
information to users of Bethlehem tool steel —just one 
of many benefits that result. It's a continuous develop- 
ment program—unmatched in its scope 
a Bethlehem makes ail tool steels. In our modern mill 
depot we stock 23 grades of standard and speciai 
purpose steels for quick delivery to our distributors and 


, mill customers 
bolt-header parts are typi al of the many use 


Pa., plant for our carbon tool steel (cold-heading © BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


i Bethlehem hot-work and shock-resisting steels On the Pacific Coast Bethlehem products are sold by 


Bethlehem Pacific Coast Stee! Corporation. Export Dis 


tributor: Bethlehem Stee! Export Corporation 
~ Z 
2 


7E57¢O 





| consider 
DIE CASTING 


when redesigning 
for LOWER COSTS 


t) 





THE DIE CASTING PROCESS: Speed of production is the essence of the die casting 
process—the shortest distance between raw material and finished product; it is a precision, low-unit 
labor process, capable of producing direct from the raw material the most complex parts in nearly 
finished form at a single operation 

ZINC DIE CASTINGS: Zinc is the most adaptable metal for the die casting process and 
provides the best combination of physical and chemical properties. Zinc die castings are stable, 
strong, and can be cast to close tolerances; they are easily machined and a large variety of beautifal 
metallic and organic finishes can be readily applied to the castings. 

Industry's recognition of these factors is indicated by the phenomenal growth of die 
casting as a production tool plus the fact that nearly 75% of all die castings by weight are made 


of zinc DIE CASTING is the Process + ZINC, the Metal + BUNKER HILL, the Preferred Zinc 


BUNKER AILL 99.992% ZING 


EASTERN SALES AGENTS ST. JOSEPH LEAD COMPANY 250 PARK AVENUE, NEW YORK 17 
SALES OFFICE FOR PACIFIC COAST NORTHWEST LEAD COMPANY SEATTLE, WASHINGTON 


Vetal Progress: Page 24 





N 


FABRICATED 


The Rolock fabricated baskets shown have handled 


atmosphere circulation 
with outstanding economies drive shaft parts through ell as quench oil circulation 
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PHILADELPHIA © CLEVELAND © DETROIT © Hot °* INT CACO 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


be. 


for better work ja 
Easier Operation, Lower Cost 
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T-SECTIONS 


AVAILABLE NOW 


Designers and fabricators have been asking for them... and now they are here! 


Inconel® T-Sections, 1! 2” x 1! 2” x 44”, are available for immediate delivery. 


The new Inconel T-Sections were produced in answer to many requests from 
fabricators, industrial furnace builders, and plants doing heat-treating. Inconel 
T-Sections, together with Inconel angles, will simplify numerous design 


problems in the construction of furnaces and heat-treating fixtures 


Because of its outstanding performance record and excellent cost-to-service 
ratio, many of the nation’s leading fabricators have adopted Inconel as a standard 
metal for high-temperature equipment. Highly resistant to high temperature 
and destructive furnace atmosphe res, Incone! maintains good properties at 
temperatures up to 2200 F . Welds in Inconel are as heat- and corrosion-resistant 
as Inconel itself 


If you would like full engineering information about Inconel or help with your 


metal-selection problems, write to our Technical Service Department. 


Your nearest INCO distributor is prepared to fill your Inconel needs from stock 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N.Y. 


“ait, JSG ¢ ONEFL ... for long life at high temperatures 
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ENGINEERING DIGEST OF NEW PRODUCTS 


DEGREASER: The design of a new, Electronic Flame Failure 1 te 

large capacity Circo vapor-spray de The electrode is at the ju 

greaser has just been announced by pilot flame and main burner stream 

Circo Products “o. This new model, in order to assure safe operatior 
Features of the new “PW” 


are high-input efficiency 


called the C-120, was designed for the 
transportation field and heavy indus - 
; It } : from Venturi design, 
trial use. t has a vapor depth of 84 

: baits Air-Gas ratio, and 
in., inside length of 96 ir 


burner steel entirely 
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The C-120 Circo degrease1 to provide longer life 
able in either nickel clad ts ‘ by exposing it less 
peratures, and tl 
of the heat which t 
the burner ti irner and wa 
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burner are in 
location 
For further information circle No. 516 
on literature request card on page 32B 
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the specified temperature has gives vp According to Fenton Davi 
been reached to 2000 president, “‘Circo-Solv’, the 
readings 


capacity and compact « 


clad or zine sprayed construction. Its 


onflammable, nonexplosive 


used, is absolutely harmle 





Available in these temperatures ( F) metals He further state 
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CLAUD S. GORDON Co. this combin 


Specialists for 36 Years in the Heat Treating : 2 ; =e rs 
and Temperature Control Field ast onstant urning ile f wide and . 10,000 But 

Dept. 15 © 3000 South Wallace St. Chicago 16, IN 

Dept. 15 © 2035 Hamilton Ave. Cleveland 14, Ohic | 
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How Close Coope 


Between Alloy Foundry 
And Furnace Maker 


~ SUPERIOR : 
WO RK- HANDLING cen Lan corr cmeme wat, tnt ty The Lion Comeany, ewe 


degreasing equipment; (E) drew furnece. These components, together with quenching 
equipment, ond looding, conveying ond lood honis ore integroted inte o 


unit whose entire operation con be push-button controlled by @ single operetor. Herd- 
ening furnece otmosphere is of the Lithium endothermic type, offording carbon contro! 
plus Lithium enti-oxide coating. Draw furnece etmosphere is of the L.thium exothermic 


type, offording scale-free Lithium protective coating. Pickling end perkerizing ore 
elimineted, end heat-treated work con be stock piled without feer of rusting. 








In devising a method for handling different size cylindrical ization, can meet the toughest specifications for heat-treating 
CO2a containers during heat-treating cycies in this giant, auto equipment and an outstanding example of cooperation be 
matic, Lithium atmosphere furnace installation, two important tween the alloy foundry and furnece maker 
requirements had to be met 

Whatever your heat-treating problem. therefore, send your 
specifications to us. We'll put 50 years of experience at your 
disposal supply the alloy best suited to your needs 


1. furnace fixtures had to be simple to permit quick 
loading and unloading 

2. fixtures had to assure each container receiving uni 
form heat treatment over its entire surface 


With a combined tray-and-fiature assembly of outstanding 
efficiency and simplicity of design, Driver-Harris successfully 
met the problem. Each tray, cast from high heat-resistant D-H 
Chromax*, accommodates four vertical, hot-rolied Nichrome* 
rods which, in turn, support a horizontal grid composed of 
heavy gauge Nichrome wire, and a horizontal Nichrome wire 
woven reen. Both grid and screen can be adjusted to any 
height on the rods. The grid holds the CO2 container vertical 
and the screen prevents it from floating off during quenching 

and corner of screen also triggers mechanism which automat 
ically fixes quench level, so that oi! does not enter container 
A second screen, for supporting small diameter containers, is 
laid on the tray itself 


Containers from z 1 diameter, and from 8* to 25” in 
length, are easily n this versatile fixture, by simply 
selecting gerids with lars accommodating the containers 


involved 


Here is a striking example of how Driver-Harris, by a combin 
ation of facilities and materials furnished within its own organ 





Nichrome, Chromax and Cimet 


are manutactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Cleveland, los Angeles, Sen Francisco 


"TM. Reg U.S. Pot OFF 
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For Continuous 
Automatic Heating 
with Control of 
Heating Rate and 
Product Uniformity 


ROCKWELL Revolving Retort FURNACES 


Offer Many Advantages 


For annealing, hardening and drawing 
small ferrous or non-ferrous meal parts 
which may be slowly tumbled during 
slow helical progression through the 
retort, this Rockwell Furnace exposes 
all pieces at the same heating rate 
and time under controlled conditions 
of temperature and atmosphe re 


Work may be bulk fed from washing 
machines or hoppers and discharged 


into cooling, pickling, cleaning or other 
processing equipment, without manual 
handling — in minimum space and 
without interfering with other oper- 
ations. 


Furnaces may be gas or oil-fired or 
electric. Available in 4 standard sizes 
for 300, 800, 1500 and 1800 Ibs. of metal 
heated per hour. Special sizes to order. 


Write for Bulletin 424K. 


cleaning, washing, finishing, drying and handling equipment; 


{fROCKWELL | Coil winding machines, reels and spools; pickling, brushing 
‘ 


ovens and dryers; special fabrications. non-ferrous rod mills 


an ALSO BUILDS * 
Boss FURNACES - OVENS - SPECIAL MACHINERY 


Ww. Bs 


ROCKWELL COMPANY 
204 ELIOT STREET 


. FAIRFIELD, CONN. 











On the 
DELAWARE 
Controlled Atmosphere 
FURNACE 
$s #6 
The complete story of the tan- 
gential firing principle and other 
distinctive features of the Dela- 
ware Controlled Atmosphere 


furnace is told in informative 
bulletin F-1. 


Learn the facts 
of Modern Heat Treating 





Range, 1200°- 2800° F 
* e - 


Send for your copy today! 


DELAWARE TOOL STEEL CORP. 


WILMINGTON 


e DELAWARE 
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NEW PRODUCTS 
VUMUEUDADADEDOOEOEADEDADADEUEUEODOUAA EL EDEN AO ONAL 


CORE BAKING TUNNEL: Now 
available to the foundry indust 
Model M-7200 


(ore 


the new Thermoni 
Electronic 


veloped by the 


Baking Tunnel, de 
Induction Heatir 
Corp. 

The M-7200 


evenly thro 


which bak 
ignout, wit! 
baking cycle of 
has a capacity of 
hour. The unit is 


cores up to 60 ll w ice 


capable of 


mum combined height of 
core plate of 20 in The approximat« 
over-all dimensions of the tunnel a: 
8 ft. wide, 8 ft. high and 25 ft. long 
A conveyer speed is adjustable fro: 
0 to approximately 6 ft. per mir 

Green cores may be loaded in the 
core room, directly onto the Thermonic 
tunnel conveyer, eliminating all the 
racking and much of the handling of 
the cores in the green 

After the baking 
plate emerging from t 
go directly onto the ins 
There is no cooling perio 
and the cores are ready 
hate inspection and 
ventional method of loading 
unloading large storag« 
tirely avoided 
For further information circle No. 518 


on literature request card on page 32B 


REMOVING WATER FROM METAL 
ARTICLES: Drying finished 


products has 


meta 
always been a problem 
to the manufacturer and plater. The 
old stand by, 


sawdust, often contam 


inates the work, especially 


Warm ai! 


staining, : 


sections 
wate! 
evap 


white 


called Aqua-Off hi 
by the Chemclear 
remove water from plat 
sucn a piece 
, cleaned ih 
sed in hot or « 
ng or lacquering 
ire ot wate! lal , ¥ 
ed in the Aqua-Off after 
water rinse, gent 
removed. Water 
to the bottom of 
overed with a 
Aqua-Off, which is 
nolding it 
degrease! 
For further information circle No. 519 
on literature request card on page 32B 
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...the “near editor's” 


“Quickies” from a quick trip to 
France: 


Seems to be no immediate pros- 
pect of a Communist government 
in France. “Commies” are a noisy 
minority, but the average French- 
man is too much of an individ- 
ualist to be a Communist. 


Apparently there is no picketing 
during strikes in France. 


Fashion note; Daytime skirts are 
short and very tight, belted in at 
the waist until one wonders how 
the girls breathe. 


Plant of Societe des Produits 
Houghton in Paris, destroyed by 
spectacular fire which made U.S. 
newsreels in 1948, now rebuilt. 


Onn OID 


CHAIRMAN OF THE BOARD. 


Tanks to Houghto-Draw 


Drawing of gas tank half sections in one 
simultaneous operation is being done by a 
large steel processor with the aid of a mix 
ture of two Houghto-Draw compounds 


A 38%" blank of steel .105” thick is drawn 
into a shape 24” deep, eliminating four 
to six operations formerly required. The 
complete cycle, including automatic load 
ing and unloading, takes only 24 seconds. 


\ mixture of § ounces each of Houghto 
Draw 356 and 357 to the gallon of water at 
130° F. did the trick. Discs were coated 
dried and drawn without squealing or 
chatter, which had been a problem. After 
drawing 50 sections satisfactorily, they 
tried the previous compound, but the squeal 
was again heard. It disappeared when 
they returned to Houghto-Draw 


The Houghton technical man in your sec 
thon will recomme nd, atter review and 
trial, the best Houghto-Draw for vour 
drawing need. And he'll stay on the jot 


until he makes it work, Want to see him? 


Why Rectify? 


part as a bolt for a lift truck 
may present a heat treating problem. One 
manufacturer had heated bolts in salt, but 


So simple a 


had trouble keeping the bath in balance 
He had rectified the bath three times a 
day, and desludged it each day. Then he 
switched to Houghton’s Liquid Heat 1145 
with a quench tn our treated quenching oil 
Results: time saved on rectification, hard 


ness increased, no decarburized work 


No Mystery About Salt, But— 


The day has passed when the composition 
of heat treating salt« was a 


Nearl 


earn from standard reference books, how 


mystery 


every metallurgist knows, or can 


to tormulate salt mixtures for various 
heat treatments of steel 


Why, then, should they not make up their 
own mixtures from basic chemicals and 
save money? Or, why shouldn't they buy 
on lowest price per pound? Sounds plaus 
ible, but it's not being done, even by the 
largest users. And there are good reasons 
why not 

In the first place, operating difhculties 
require more knowledge than a man 
equipped with a price list and chart of 
salt melting points can hope to have 


Most salt mixtures are based on some 


thirty nitrates, nitrites, carbonates, chile 
rides, fluorides, cyanides, etc. These ma 
terials are obtained from a limited number 


of sources known to most metallurgists 


But the strict control exercised over in 
coming shipments by Houghton, based on 
many years of experience, sets up a sate 
guard against possible impurities in the 
salts. Each lot is sampled and analyzed in 
our Laboratory 


Impurities even to the third decimal point 
may affect the service a chemical gives in 
heat treating. Even a C. P Chemically 
Pure) salt may contain a prescribed maxi 
mum of such impurities. Such contaminants 
as chlorides in a nitrate bath or sulphates 
in a hardening salt would tend to attack 


the work or pot after continued operation 


Rectification of a salt 
bath isn't always at 
easy. It takes time 
and experience. Our 
own practice has 
been to make such 
baths as nearly self 
tifving as possible by including, wher 
an, a rectifving element in the 
ire itself which prevents decar 


surization 


Proper mixing of the ingredients is most 
essential, as the formula is set up for an 


Double Too! ‘Life 
oft % the Oil Cost 


Which would you use a cutting fluid 
which costs 46 cents per gallon, and which 
permitted 21,600 pieces between tool 
grinds, or a fluid which cost 16 cents per 
gallon, mixed with water, that so lubri 
cated the tools as to enable $4,000 pieces 
to be machined without a tool grind? 

The answer is obvious. You'd do what that 
did standardize on Antisep 
ose Base, miscible with water 

vet having a higher film strength than 

straight oil. Betrer look into this base 
which will do 90% of your cutting jobs, 
and do them better 


eutectic mixture; if improperly com 
pounded, the batch may vary and cause 


trouble when the salts are put uoder heat 


There's still another very sound reason 
for buving salts from an experienced 


reputable supplier. That is sererce 


The Houghton Man who calls on you is 
likely to be a specialist himself, in heat 
treating and in metal working, all the way 
from iron and steel to the finished, heat 
treated, machined piece. He is not salt 
specialist alone; often he is an engineering 
graduate with long held experience 
Behind him are metallurgical engineers 


ready to help him and his customers 


These technicians look further than the 
salt if the user isn't getting the results he 
wants, They may go back to furnace de 
gn, or to steel analysis, or shape of part 
or look ahead to the quench or draw or 
hnal cleaning 


While metallurgy itself has become a 
pretty exact science, there is still a certain 
amount of experimentation necessary, and 
plant metallurgists are quick to admit that 
counsel and advice from our trained field 
specialists and research staff men 
helped them out of many difhculties 


have 


So there's the purity of salts, the know-how 
in manufacturing them, and the ability to 
step into a plant and make them perform 
right three good reasons why metal men 
preter to buy salts from Houghton. Maybe 
vou can buy salt at a lower price per 


pound, but the service is worth the «mall 


extra amount it may cost. Think i over! 


Can You 
Use This Helpful Data? 


Check the items you'd lke to receive, and 
attach this slip to your letterhead, mailing 
to address below. The material will be 
semt free, without obligation 

1. Liquid Salt Bath Catalog-- 32 pages 
of description and working 
Houghton salts for heat treating 


2. All-Star” Line-up of Rust Preven 


tives—*8 page booklet listing the Rust Veto 
Winning Eleven 


3. Hydraulic Oil technical bulletin; set 
ting forth the merits of treated Hydro 
Drive Oils, with test data 


4. Product Data Sheet on Houghto-Draw 


357 for wire, rod, bar and tube drawing 


ranges of 


5. Houghto-Clean 220 Data Sheet 


de 
scribing emulsion-type cleaner for metals 


E. F. HOUGHTON &@ CO. 


303 W. LEHIGH AVENUE 
PHILADELPHIA 33, PA. 
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SPERR 
Ultrasone 
REFLECTOSCOPE 


REFLECTO 


inclusions, fa 


The Sperry Ultrasonic 
SCOPE 


tigue cracks and other discontinuities 


finds voids 


mn metals and metal parts. The 
REFLECTOSCOPE transmits pulsed v 
brations into one end of the meto 
to be tested. These vibrations ore 
reflected from the opposite end, or 
from any discontinuity, and the « 

dition of the metal is shown instanta 
neously on the ultrasonic screen. The 
REFLECTOSCOPE is the quickest, most 
economical means of determining 
soundness of raw materials before 
ond after processing. Investigate its 


benefits for your application today 


ASK ABOUT 
COMMERCIAL 


OUR LEASE AND 
TESTING SERVICES 


Sperry 


SPERRY PRODUCTS, INC. 


Danbury, Cennecticut 
PHONE: Canbury 8-358! 


ALSO MANUFACTURERS OF HYDRAULIC 
CONTROLS AND SELF-SEALING COUPLINGS 





ENGINEERING DIGEST OF NEW PRODUCTS 
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“KARBATE” CIRCULATING 
STEAM JETS: The Seri k M 1A 
“Karbate” Biand impervious graph 
ite circulating steam jet is announced 
by National Carbon Div., Union 
bide and Carbon Corp 

The jet itself is 
“Karbate” impervious graphite, 


the riser is 


made entirely 


a standard “Karbate” 


perviou graphite pipe 
Neoprene “Flexlock” 
submerged connection to the 
a Ty \ 


r end, 


fitted 
gasket 
flange connection 
permitting simple 
This cor 


resistance 


tion to steam lines 


assure complete 


corrosive action of the liqui 


being 


heated. They are available in two 


izes, Size 2 and Size 4, with 


riser 
assemblies up to 9 ft., 3% in 
and supplement the two 


“Karbate” 


in height, 
types of 
impervious 


graphite heat 


exchangers which are used for ir 
lirect heating of open tank 

These 
particularly adapted to the heating of 
tanks 


circulation and low 


circulating steam jets ar 


liquids in where agitation, 


good cost are 
requisites and where dilution of the 
olution is not They 


practically all 


harmful with 


tand the action of 


corrosive liquids, including sulphuric 


acid, hydrochloric acid and _ nitri 


hydrofluoric acid mixtures and ar 


recommended for heating acid solu 
tions in ore digesters, for 
other 


injection of 


cooking 


and for many operations per 


} 


formed by steam. They 


can be subjected to severe thermal 


hock without 


cracking, chipping or 
palling 

For further information circle No. 520 

on literature request card on page 32B 


MOLTEN STEEL 
COUPLE: A 


easier 


rHERMO 


lighter, faster and 


to-use 


immersion thermocoupk 
for measuring temperature of molte! 


teel is announced by Brown Instru 


ments Div. of Minneapolis-Honeywell 


Regulator ( 


The thermocouple, about one-half 


1 


the weight of designs, will 


previous 
« ipplied in two forms. One will 
have a 90° bend for electric 


bend for 


furnaces, 


the other a 60 easy inser 


Vetal Progress; Page 32 


tion through openhearth wicket 
handles. The 


Lhermoc oupl ; 


Both forms have 6 ft 
immersion end of the 
ne the 


ith a 


immersion tip, } cov 
refractory compound 
new design, developed 
l 
Honeywell’ 
Philadelphia 


The comple te ass¢ mbly, 


iblic Steel Corp., will 
under license by 
division at 
handl 
about 11 


and weighs approximately 4 


immersion end, is 


make it more rigid, and to 
the thermocouple 


built of twe 


wires, tr 
layer seamless 


having an outer covering of refra 


tory sleeving. The platinum thermo 
couple wires extend from the exter: 
sion wire at the handle, through th« 
tubing and to the thermocouple tip 

Brown is offering the Republic im 
mersion 


thermocouple assembly at 


$220; delivery, about eight weeks 
For further information circle No. 521 


on literature request card on page 32B 


FOR ANODIZING 
PROCESS: A 


for anodizing 


ALUMINUM 


newly developed tar 


aluminum, primar! 
constructed t give continuou ervice 


for three years under normal opera 


tions, is announced by the F H 
Langsenkamp Co 
Designed especially for the anodiz 


ing process, the tank i 


reinforced 


’ 
witnir 


orne? rlapping) ther ping 
buckling to a minimum, preventing 


thening the 


galvanic action, and 
life of the tank 
Available ir 
steel, aluminum, 
ffect 


cts valuable 


‘ SAVING 


time, and productior 
available when de 

Langsenkamp Ce 

| 16-Tumb! 
anodizir 

wide by 42 in 


eliminates 


ade ep 
poor 


ervice 


racks 


increasing rack Rack 
are fabricated from % x % in. 24 ST 
aluminum. 

For further information circle No. 522 


dee 


on literature request card on page 32B 
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WE MAKE ALL ANALYSES OF 


Stainless, Heat Resisting 
and 
Special Purpose, 
Arc Welding Electrodes 


(The Tough Ones as well as the Easy Ones) 


a 


SPECIAL SERVICE AVAILABLE 


WIRES IN COILS FOR AUTOMATIC OR SPRING 
ALSO STRAIGHT LENGTHS 
SIZES IN ALL ANALYSES 


1 16” to 1 4” Diameters 


ROUND EDGE FLATS 


42". wide and narrower 
Ratio 10 to | 


COLD DRAWING FACILITIES 
38” to 1/16” Diameters 
Annealing Capacity—6 ft. Diameter, 6 ft. High 
up to 2300 degrees 
weight up to 5000 lbs. 


PICKLING OF ALL ALLOYS 
Tanks 4 ft. Wide, 8 ft. Long, 5 ft. Deep 


WIRE IN COILS 
FOR AUTOMATIC WELDING OR SPRINGS 


en 


MAURATH, Inc. 


Northfield and North Miles Road 
NORTH RANDALL, OHIO 
Phone: Montrose 1220-1-2 
Mailing Address: P. O. Box 817, Warrensville Branch, 
Cleveland 22, O. 
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FIND FLAWS 
IN METALS 


AND METAL PARTS 


SPERRY 
Ultrasonte 
REFLECTOSCOPE 


The Sperry Ultrasonic 
SCOPE finds voids 


tigue crocks and other discontinuities 


REFLECTO 
inclusions, fa 
in metols and metal parts. The 
REFLECTOSCOPE transmits pulsed vi 
brations into one end of the meto 
to be tested. These vibrations ore 
reflected from the opposite end, or 
from any discontinuity, and the con 
dition of the metal is shown instanta 
neously on the ultrasonic screen. The 
REFLECTOSCOPE is the quickest, most 
economical means of determining 
soundness of raw moterials before 
and after processing. Investigate its 
benefits for your application todoy 
ASK ABOUT OUR LEASE AND 
COMMERCIAL TESTING SERVICES 


Sperry 


SPERRY PRODUCTS, INC. 


Danbury, Connecticut 
PHONE: Danbury 8-358! 


ALSO MANUFACTURERS OF HYDRAULIC 
CONTROLS AND SELF-SEALING COUPLINGS 
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“KARBATE" CIRCULATING 
STEAM JETS: The Series FM-1A 
“Karbate” Brand impervious graph 
ite circulating steam jet is announced 

National Carbon Div., Union Car 
bide and Carbon Corp. 

The jet 
“Karbate” 


the riser is a standard “Karbate” im 


itself is made entirely of 


impervious graphite, whil 


pervious graphite pipe fitted 


Neoprene “Flexlock” gasket 
submerged connection to the 
a Type V 

r end, 


to steam lines 


jet and 
flange connection at the« 
permitting simple 
This con 


resistance to th 


connec 
ructior 
assure 


complete 


corrosive action of the liquid being 
heated. They are available in tw 


sizes, Size 2 and Size 4, with rise 
assemblies up to 9 ft., 3% in. in height, 
and supplement the two 
“Karbate” 


exchangers 


types of 
impervious graphite heat 
which are used for i: 
direct heating of open tanks 

These 
particularly adapted to the heating of 
tanks 


circulation and low cost are 


circulating steam jets ar¢ 


liquids in where agitation, 
good 
requisites and where dilution of the 
solution is not harmful. 
tand the action of practically all 


corrosive liquids, including sulphuri 


They with 


acid, hydrochloric acid and nitric 


hydrofluoric acid mixtures and ar 
recommended for heating acid solu 
tions in ore digesters, for 


and for 
formed by 


cookir £. 


many other 


operations per 
They 


severe thermal 


injection of steam. 
can be subjected to 


hock without cracking, chipping o1 
palling 
For further information circle No. 520 


on literature request card on page 32B 


MOLTEN STEEL 
COUPLE: A 


to-use 


THERMO- 
lighter, faster and 
immersion thermocoupl 
or measuring temperature of molte: 
teel is announced by Brown Instru 
ments Div. of Minneapolis-Honeywell 
Regulator 

The thermocouple, about one-half 


the weight of previous designs, will 
| 


e supplied in two forms. One will 


have a 90° bend for electric furnaces, 


the other a 60° bend for easy inser 
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tion through 
Both forms 


immersion end of the 


wicket 
handles. The 


thermocouple, 


openhearth 


have 6 ft 


xcepting the immersion tip, 1s cov 
ered with a refractory compoun 
The new design, developed by 
Republic Steel Corp., will 


Honeywell’ 
division at Philadelphia 


under license by 


The complete assembly, hand! 
about 11 
and weighs approximately 40 
make it 


immersion end, is 
more rigid, and 
the thermocouple wires, th 
is built of two-layer seamless 
having an oute 


covering of refra 


tory sleeving. The platinum therm 
couple wires extend from the exter 
sion wire at the handle, through the 
tubing and to the thermocouple tip 

Brown is offering the Republic im 


mersion thermocouple assembly at 


$220; delivery, about eight week 


For further information circle No. 521 
on literature request card on page 32B 


FOR ANODIZING 
PROCESS: A newly 


for anodizing aluminum, 


ALUMINUM 
developed tar 
primari 
constructed to give continuous service 
for three years under normal opera 
tions, is announced by the F H 
Langsenkamp Co 

Designed especially for the anodiz 


ing process, the tank is reinforced 


within itself (the 
orners overlapping) 
buckling to a minimum, 
galvanic action, and le 
life of the tank 

Available in 
teel, aluminum, ot 
effects valuable saving 
time, and pre 
available wher 

ngsenkamp Co. al 

designed 


16-Tumbler Rach 


anodizing tank measuring 
Use of the 
eliminates poor onductivity 

k service 


fabricated from ‘ 24 ST 


wide by 42 in. deep 


Rack 


aluminum 
or further information circle No. 522 


» 
on literature request card on page 32B 
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“VICKERS 


The PERFECT 
PHOTOMICROGRAPHIC INSTRUMENT 


COMPLETELY VERSATILE.... 


Range of magnification 4X to 4400X, incident or transmitted 
light. Dark ground and polarized light examinations of opaque 
or translucent substances. Convertible in 30 seconds to macro 
work with accessories supplied. Two light sources supplied 
for instantaneous changeover. Objectives of any make can 
be used 


FASTER AND MORE CONVENIENT IN USE.... 


Users have photographed more than 120 different specimens a 
day. Camera length variable between 16 and 46 inches without 
movement of plateholder or any external part. There are no 
remote controls. Magnetic centering mounts for rapid changing 
of objectives 


NEW, ADVANCED DESIGN AND CONSTRUCTION .... 


Immunity from vibration. Microscope head of heavy cast brass 
Extremely robust. Stage will take specimens up to 50 pounds 
in weight. Precision of the highest order in every detail 
Occupies very little floor space (28" x 30°). Supplied with 
hited cabinet 


Catalogs Available on Request 
VICKERS PROJECTION MICROSCOPI 


COOKE BENCH-TYPE METALLURGICAI 
MICROSCOPES 


COOKE MICROHARDNESS UNIT 
COOKE INCIDENT LIGHT PHASE CONTRAST 
SCHENCK FATIGUE TESTING MACHINES 


The R. Y. FERNER COMPANY 


110 Pleasant Street 
Boston 48 (Mal. Sta.), Mass. 








. .. when you use “NATIONAL” Graphite Stool Inserts 





@ It is impossible for molten metal to stick to 

graphite under any conditions. ‘This means that 

an ingot cannot possibly stick to a graphite stool 

insert. If you are bothered with stickers, equip 

your stools with “National” graphite stool inserts. 
Think of the savings! 


No lost time in freeing stuck ingots. Keeps 


The terms “National” and “Eveready” 
are registered trade-marks of 


NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, N.Y. 


District Sales Offices: Atianta, Chicago, Dallas, Kansas City, New York, 
Pittsburgh, San Francisco 


Foreign Department: New York, U.S. A. 


July, 1950: 


maintenance costs down. For complete informa- 
tion on “National” graphite stool inserts, write 
to National Carbon Division, Union Carbide and 
Carbon Corporation, Dept. MP. 





MORE THAN DOUBLE 
THE USABLE LIGHT! 


The biggest news since the inven- 
tion of flashlights—the brand new 
leakproof “Eveready” No. 1050 
flushlight battery—gives morethan 
double the usable brilliant white 
light for critical uses than any 
other flashlight battery we have 
ever made. NO METAL CAN TO 
LEAK OR CORRODE. 
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. .. when you use “NATIONAL” Graphite Stool Inserts 





@ It is impossible for molten metal to stick to 

graphite under any conditions, This means that 

an ingot cannot possibly stick to a graphite stool 

insert. If you are bothered with stickers, equip 

your stools with “National” graphite stool inserts. 
Think of the savings! 


No lost time in freeing stuck ingots. Keeps 


The terms “National” and “Eveready” 
are registered trade-marks of 


NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, M. Y. 


District Sales Offices: Atianta, Chicago, Dallas, Kansas City, New York, 
Pittsburgh, San Francisco 


Foreign Department: New York, U.S. A. 


July, 1950: 


maintenance costs down. For complete informa- 
tion on “National” graphite stool inserts, write 
to National Carbon Division, Union Carbide and 
Carbon Corporation, Dept. MP. 





MORE THAN DOUBLE 
THE USABLE LIGHT! 


The biggest news since the inven- 
tion of flashlights—the brand new 
leakproof “Eveready” No. 1050 
flashlight battery—gives morethan 
double the usable brilliant white 
light for critical uses than any 
other flashlight battery we have 
ever made. NO METAL CAN TO 
LEAK OR CORRODE. 
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CONVERSION FROM INC TO ALUMINUM DIE CASTING 





in less than an hour on 


\KUX|convertiste MACHINES 





In less than an hour's time, Kux hydraulic machines can be 
adjusted for die casting zinc alloys using a plunger goose- 
neck metal injection unit or for die casting aluminum brass 
or magnesium alloys using a cold chamber hand ladling 
injection unit, 

This change over is a simple easy operation on any of the 
Kux machines from Model BH-18 to Model BH-30 which 


are available as convertibles. The removal of a few mount- 
ing screws and pins and the attachment of either injection 
unit, both completely self-contained, rapidly readies a 
machine for production. Only on Kux Die Casting equip- 
ment can you find so many superior design features that 
offer such a multiplicity of usage for each machine. Write 
now for illustrated catalog. 


KUX MACHINE COMPANY 


3940 W. HARRISON STREET 


« CHICAGO 24, ILLINOIS 
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no more GAMBLING on 
tool steel selection 


[Vs actual size; Selector is in 3 colors) 


Here's how it works: 
To use the Selector, all you need know is the 
characteristics that come with the job: type and 
condition of material to be worked, the number 
of pieces to be produc ed, the method of working, 
and the condition of the equipment to be used. 
FOUR STEPS—and you've got the right answer! 
1. Move arrow to major class covering appli 
cation 
2. Select sub-group which best fits applica- 
thon 
3. Note major tool characteristics (under ar 
row) and other characteristics in cut-outs 
for each grade in sub-group 
4. Select tool steel indicated 


That's all there is to it! 


CRUCIBLE 


fh-y years of 


Branch Offices and Warehouses: ATLANTA * BALTIMORE * BOSTON + BUFFALO * CHARLOTTE * CHICAGO + CINCINNATI * CLEVELAND * DENVER * DETROIT 


HOUSTON, TEXAS * INDIANAPOLIS + LOS ANGELES + MILWAUKEE + NEWARK 





Here's an example: 

Application—Deep 
drawing die for steel 

Major Class — Metal 
Forming—-Cold 

Sub-Group — Special 
Purpose 

Tool Characteristics — 
Wear Resistance 

Tool Steel—Airdi 150 

One turn of the dial 

does it! 


And you're sure you're 
right!! 


Since the first announcement, hundreds of tool steel 

users have received their CRUCIBLE TOOL STEEL St 

Lecrons. The comments received indicate that this 

handy method of picking the right tool steel right 

from the start is going over big. 

“Handiest selector I’ve ever seen” 

“No more gambling on tool steel selection” 

“You're right, the application should dictate 

the choice of the tool steel” ... and many, many more 

favorable comments. 


You'll want your CRUCIBLE TOOL STEEL SELECTOR, It 
uses the only logical method of tool steel selection 
begin with the application to pick the right steel! And 
the answer you get with one turn of the Selector dial 
will prove satisfactory in every case, for the CRUCIBL: 
TOOL STEEL SELECTOR covers 22 tool steels which fit 
98% of all Tool Steel applic ations. ALL the tool steels 
on the Selector are in Warehouse Stuck . . . that means 
when you get the answer, you can get the steel . .. fast! 
Write for your Selector today! We want you to have 
it, because we know you've never seen anything that 
approaches your tool steel problems so simply and 
logically. Just fill out the coupon and mail. Act now! 
CRUCIBLE STEEL COMPANY OF 
Building, New York 17, N.Y 


america, Chrysler 


etieeie sottesc: ee eae Pe epiianeae yt cee 


Crucible Steel Compony of America 
Dept. MP, Chrysler Building 
New York 17, N.Y 


Gentlemen: 

Sure! | went my CRUCIBLE TOOL STEEL SELECTOR! 
Nome Title 
Compony 


Street 


first name in special purpose steels 


TOOL STEELS 


Hine sleelmaking 


* NEW HAVEN * WEW YORK * PHILADELPHIA * PITTSOURGH * PROVIDENCE 


ROCKFORD * SAN FRANCISCO * SEATTLE * SPRINGFIELD, MASS. * ST. LOUIS * SYRACUSE * TORONTO, ONT. * WASHINGTON, DB. C. 
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MISCO BET RESISTING 
ALLOY 
GRID TRAYS 


MORE LOAD - LESS DISTORTION - LONGER LIFE 


Do You Use PUSHER TRAYS—Have YOU 
Tried This Design? 


CORED HOLE 


THE MISCO PRINCIPLE OF GRID BAR DESIGN 


Grid intersections are cored horizontally and diagonally 
through the neutral axis. Metal thus removed from regions 
of low stress is added to areas of high stress, where it increases 
load capacity, reduces distortion, and gives much longer life 
U.S. PAT. 2242554. 


The one-piece grid type is simple, light 


and efficient. The Misco patented grid- 


bar feature provides the strongest, most 
rugged tray construction yet devised. 
Users are enthusiastic reporting tray 
life up to 4%2 years. You get maximum 
endurance when Misco builds your 


equipment. 


ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


Mi Ml S (C (0) One of the World's Pioneer Producers and Distribetors of Heat and Corrosion Resisting Alloys 
1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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OF SH EET $f 
MAKE AT ARTHER 


y a 


HIGH-TENSILE STEEL 


SEVEN STRONG REASONS explain the 
trend to N-A-X HIGH-TENSILE steel for: 

@ Bumpers @ Grilles @ Fenders 

@ Hoods @ Bodies @ Frames 


@ Wheels and other automotive parts 





\ \ 


GREAT LAKES STEEL CORPORATION "2 12% cron sos, soon 2, 
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NEW 
LOW 


TESTING 


RANGES! 


WITH OLSEN 'L TYPE 


UNIVERSAL 
TESTING 
MACHINE 


“Atcotran’ Electronic Null System now available on New 


Olsen “L” Machines — or can be added to present units. 


The Olsen low cost “L” Universal Testing Machine 
now becomes more versatile than ever. Available 
in standard capacities of 60,000 Ibs., 90,000 Ibs., 
120,000 Ibs., 300,000 Ibs., and 600,000 Ibs. with 
usual selected secondary ranges of 10,000 Ibs., 
20,000 Ibs., 30,000 Ibs., 60,000 Ibs. and 100,000 Ibs. 
respectively—new “extra low” capacity ranges are 
now possible on these machines with the addition 
of the “Atcotran’* unit. For example, a 60,000 Ib. 
and 10,000 lb. machine can be reedily provided 
with an extra low range of 1,000 lbs., reading by 2 
lb. dial marks. 


be made without stopping the test. 


And in addition, load changes may 


For accurate tension, compression, and trans- 
verse testing the new Olsen “L” Type Universal 
is unsurpassed for versatility and low cost — 
whether used for production, and quality control 


testing or instruction. 


Metal Progress; 


* The “Atcotran” was developed in conjunction with the 
Automatic Temperature Control Company, Philadelphia. 
An electronic null system consisting of only three mov- 
ing parts, it receives signals from the developed hy- 
draulic pressure in the precision cylinder of the “L” 
machine and electronically translates them into the rotary 
motion of the pointer. This system is extremely accurate 
and the low ranges which it makes possible are guaranteed 


accurate within ASTM requirements. 





TINIUS OLSEN 4 
TESTING MACHINE CO. © 
2030 Easton Rd, Willow Grove, Pa mare _ J 


Bn an ED ree Fa ees 
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JALCASE 10 





-..--- - the top grade of J&L 
cold finished JALCASE - - - - WITH 
HIGH MECHANICAL PROPERTIES 


J&L 


...and all the high machinability properties of other Jalcase grades 


When the shop bull-sessions get 
started on “better than average” 
steels, and the boys get down to fine 
points, you can be sure that Jalcase 
10 (AISI No. C-1144) will come up 
for discussion. That's because Jal- 
case 10 is the grade of cold-finished 
Jalcase steel made for those tough 
and “in between” applications. 


Many times finished part specifi- 
cations call for a high degree of hard- 
ness but not as high a degree as 
that obtained through heat treating 
of the finished part. In these applica- 
tions, manuiacturers and machinists 
have found it profitable to use Jal- 
case 10 and dispense with heat- 
treating processes altogether. 


Machinists who know their stuff 
also know that Jalcase 10-- the high- 
est carbon grade of Jalcase—has high 
mechanical properties. They know 
that Jalcase is the original cold- 


finished, open-hearth, free-machin- 
ing steel. They know that Jalcase 10 
has over 25 years of research and ex- 


perience behind every ton produced. 


Interested in some technical data? 
Here are the chemical properties and 
mechanical properties of Jalcase 10 





CHEMICAL 


Carbon Range 
Manganese Range 
Maximum Phosphorus 
Sulphur Range 


TYPICAL PHYSICAL PROPERTIES 


Tensile Strength 134,050 th. /sq. in. 
Yield Strength. . 107,840 tb. /sq. in. 
Elongation in 2 inches.... 13.5% 
Reduction of Area 


Brinell Hardness...... ccoee OD 








JONES & LAUGHLIN STEEL CORPORATION 


From it materials, 
J&L. manufactures a full line 
carbon steel products, a 

Certain products tm OTISCOLOY 


and JALLOY \At-densile Steels 


PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 
BARS AND SHAPES + STRUCTURAL SHAPES + HOT AND COLD 
ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 
PRODUCTS + ‘*PRECISIONBILT’’ WIRE ROPE + COAL CHEMICALS 
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If you haven't tried 
Jalease 10 yet (many 
shops have, and like it, 
too), why not send for 
our booklet entitled 
“You Can Make Them 
Better with Cold-Fin- 
ished Jalcase.” This 14 
page illustrated booklet 
gives you technical in 
formation, charts and 


graphs about Jalcase 10 


and the other nine grades of Jalcase, too) 
that will help you make better parts. 


Write Today! 


Jones & Laughlin Steel Corporation 
405 Jones & Laughlin Building 
Pittsburgh 30, Pennsyivama 
Please send me a copy of “You Can 
Make Them Better with Cold Fin 
ished Jalcase.” 
I am interested in making a trial 


run on J&L Jalease 10. Please have 
a epresentative call 





ees heetialindl 
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UNIT COST GOES DOWN! 
At first this bearing race job 
was classed as “impossible” — 
slow production, excessive re- 
jects and a high unit cost. But 
now that Carpenter Stainless 
No. 8 (Type 4034) is on the 
job, each nnit costs only five 
cents, tool life has doubled and rejects 
have dropped by 40%. 


SAVED: $456.00 EACH YEAR ON 
TOOL REGRINDING! 
The cost of each Stainless part 
is bound to come down when 
you make a saving like that 
Tool life jumped from a feu 
hours to aver 15 days, plus the 
fact that less down time on 
machines gave the company production 
time for over 23,000 extra valve needles 
per year. Small wonder that the com. 
pany ts pleased with Carpenter Stainless 
No. 8 (Type 404). 


that you can 
reduce unit costs 
by using (arpenter 


Free-Machining Stainless 


To get results like these time after time, the Stainless that feeds 
into your machines has to be wniform from bar to bar. It has to 
work the same in your machines month after month. And that is 
just why you need Carpenter Free-Machining Stainless on your jobs 


If you want positive proof that you can reduce your unit costs with 
consistently uniform Carpenter Free-Machining Stainless bar stock — 
do this. Place your next production order with the nearest Carpenter 
warehouse listed below. Send your order to Carpenter and find out 
for yourself that— 


YOU CAN TURN IT OUT AT LESS COST 
WITH ( arpenter FREE-MACHINING STAINLESS 


“Big Help to Getting More Parts From Every Pound of Stainless” . . . 


That is what customers say about the Carpenter “NOTEBOOK on Machining 
Stainless Steels" with its 96 pages of useful information on Turning, Drill 
ing, Tapping, Threading, etc. For your copy, just drop us a 
note on your company letterhead. Extra copies of the NOTE- 
BOOK, for the men in your plant, are available at 50¢ each 


PRODUCTION UP 25%! 
a The Plant Manager told us that he has 
a tried many Stainless Steels, and is con- 
vinced that Carpenter Stainless No. 5 
Sf provides the best finishes and machines 
25% Jaster than competitive matertals 


THE CARPENTER STEEL COMPANY, 133 West Bern Street, Reading, Pa. 


FREE- MACHINING 


Export Department: 233 Broadwa 
| en New York 7,N.Y."CARSTEELCO 


STAINLESS STEELS 


When You Want Rush Delivery Call Your Carpenter Warehouse — 


cOrTOSiOn ,, 
%, 


BOSTON CINCINNATI HARTFORD 

BRIDGEPORT, CONN. CLEVELAND INDIANAPOLIS PROVIDENCE 

BUFFALO DAYTON LOS ANGELES ST. LOUIS 

CHICAGO DETROIT NEW YORK WORCESTER, MASS. 
SEE YOUR CLASSIFIED TELEPHONE DIRECTORY 


PHILADELPHIA 
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Dependable performance 
year after year with 


HoskinsChromel -equipped Electric Furnaces 


There's nothing revolutionary about Hoskins 
Furnaces, but you'll find them hard to beat when 
it comes to delivering useful electric heat. And for 
good reason, too. Because every Hoskins Electric 
Furnace is equipped with durable CHROMEL 
heating elements. Long-lasting elements that 
possess close-to-constant “hot" resistance be- 
and 2000°F., that deliver full-rated 
power throughout their long and useful life. 
Dependable heating elements designed to give 


tween 700 


you uniform distribution of heat with maximum 
operating efficiency. Important, too, every 
CHROMEL element in every Hoskins furnace is 
formed in such a way as to permit quick and 
easy replacement. 


Take the Hoskins FK Brazing Furnace illustrated 
above, for example. Compactly designed for 


4445 tawWwtown 
NEW YORK . 


West Coost Representatives in Seattle, Son Francisco 
in Coneda: Walker Metal Products, lid., Walkerville 


® 


brazing smal] tools and parts, it's economical to 
operate ...low in hydrogen and power consump- 
tion, quick on recovery. And it’s equipped with 
heavy-duty reverse “U"’ type heating units made 


of long-lasting 1" by »%&" CHROMEL-A ribbon. 


So next time you're in need of good dependable 
heating equipment, get the facts on Hoskins 
CHROMEL-equipped electric furnaces. Our Cat- 


alog-59R describes the line . want a copy? 


TYPE FR-206, 207, 208 
BOX FURNACE 


TYPE PR-25) 
BOX FURNACE 


TYPE Of8.104 
POT PURNACE 


TYPE Fe 
POT FURNACE 


MANUFACTURING COMPANY 


AVE 
CLEVELAND . 


7 Cere oir s MICHIGAN 
CHICAGO 
los Angeles 
Onterie 


kel-chromium resistance alloy that first made electrical heating practical 
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Why HEVI DUTY 
selected GLOBAR Heating Elements 


for new furnace design 


Among the many reasons why GLOBAR silicon carbide 
heating elements are best suited for this new 
design in laboratory furnaces ~—dependable high 
temperature performance stands 

out ( ontunuous ope ration in the 

2000°F to 2600°F range 

plac es no severe demands on 

element life. Response to 

thermal control requirements 

is tast and accurate. Clean, 

silent, uniform heating 


for extended periods is assured, 


The elements are easy and 
convenient to service 

All terminal connections 

are external. Replacements 

can be made in minutes 

while the furnace is at temperature 
Working conditions are 

cleaner and safer too. There is 


no explosion or fire hazard 


GLOBAR heating elements are being used to advantage 
in an increasing number of industrial heating 
applications They may provide the answer to your 
heating problems. Complete details are available 
through Department X-70, The 

Carborundum Company, GLOBAR Division, 

Niagara Falls, New York 


@ This new HEV! DUTY ELECTRIC CO. 

furnace features an improved insulation design 

with minimum of radiation loss...incorporates the most 
recent developments introduced by HEV! DUTY engineers. 


GLOBAR Heating Elements 


sy CARBORUNDUM 


“Carborundum”™ and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 
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THE FASTEST MACHINING STEEL 
3, EVER PRODUCEDS 


4. aL 


A-t oa oo he 
rugst IMPORTANT OU 
1s Because machinability is such an important factor in finished part cost, 

° proved Fw new LA-LED is causing a sensation among users of free-machining screw 

oss SECTION stocks! Production runs on thousands of tons of LA-LED have resulted in 

e SOUNDER CR increased production over B-1113 of 45% to 106%! 

CARBURIZATION But LA-LED has more than super-machinability. Being an open- 
hearth steel, it will carburize better and have a much sounder cross sec- 
tion than Bessemer. Furthermore, it has inherent good ductility and sur- 
face quality, which permit bending, crimping, and riveting operations 

giverin impracticable with Bessemer steels. It machines to a fine satiny finish 

ay and permits closer finished part tolerances. LA-LED is available cold 
LOSER mA finished, in rounds, 5/16" thru 3”; and in hexagons, 5/16" thru 142". 


@ BETTER 





HERE'S PROOF 


WASHER INSERT GEAR BLANK 
LA-LED replacing B-1112; machined from LA-LED replacing 8-1113; mochined 
"round on Greenlee Automatic from 2%" rewnd on Acme-Gridley 


Form Tool R.P.M. Form Tool R.P.M. +41% 
Form Tool S.F.M. ; Form Tool 5.F.M. + 42% 
Form Tool Feed Form Tool Feed + 31% 
Drill S.F.M. ‘ Drill 5.F.M. + 40% 
Drill Feed Drill! Feed + 76% 
Tapping 5.F.M. } Time /Part Seconds 40°, 
Time /Part Seconds Production Per Hour + 67% 
Production Per Hour Steel Cost + 13% / 


Steel Cost j 
WRITE FOR DESCRIPTIVE PAMPHLET 
LoSalle Steel Co Ane 


nN nn ta 
1424 150th Street, Hommond, indienne oe 


STEEL Please give me more information on how LA-LED can in 
crease production and cut the cost of screw mochine ports 
m my shop 
COMPANY 3: von 


Title 
Manufacturers of the Most Complete Line of Carbon Company 


and Alloy Cold-Finished and Ground ha 
and Polished Bars in America 4 
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3600 kit. 7. 


Let's be honest. We could claim that our retorts 
last 80,000 hours 
they last 10,000 


We could claim 
12,000 hours. Many have. 

We have also had some go out of service 
after 4600 hours * had 


most 


Some have 
or 
But even so, Thermalloy 
for that particular service 
previously used retorts. 


outlasted 


The point is, there are too many variables in 
methods of operation and maintenance for us or 
any other manufacturer to make general claims 
These factors include: 


on retort life. 


cycle 


of heating (batch or continuous) . method 


Specify CHEMALLOY* 


for corrosion resistance . 


AMERICAN 


| Brake Shoe 
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.-- 80,000 


of heating (radiant or direct-fired) 
quency of charging... 

type of suspension or support.. 
of maintenance. 


operative 


This we can say! 


outstanding record for 
per dollar.” 


For recommendations on your particular in- 
Electro-Alloys 


stallation, contact your nearest 
Electro-Alloys 


Ohio 


office, or write Division, 197 


Taylor Street, Elyria, 


"Reg. U 
THERMALLOY* 


for heat and abrasion resistance 


Write for Technical Booklet—Cast 16% Cr.—35% 


ELECTRO-ALLOYS DIVISION 


ELYRIA? ORTO 


Ni Alloys 
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. fre- 
temperatures 
. efficiency 


In comparable service, 


Thermalloy retorts and muffles have attained an 
“more operating hours 


S. Pat. Off 


SHARON 


‘rev 7 « 
\ I: I: 
4 4 4 


Where extreme accuracy '§ required manu 


facturers demand uniformity of material 


Sharon's ability to produce Stainless Steels 
conforming exactly to customer 8 requirements 

year in and year out is the one big reason 
why Sharon tops the list as a leading producet 


of Stainless Steel for precision parts 


If you are thinking of Stainless think of 
Sharon, pioneer and prime producer of fine 


steels for 50 years. 


Q CORPORATION 
han, Peenndyloania 











THER-MONIC "*** 


NEW DEVELOPMENTS IN ELECTRONIC HEATING! 


wg PROBLEM for IBM 


to hardening 
geort for 18M 
asatistactory 
strat rening 


’ to 
operations developed 


SOLUTION Ther-mon 
inductio® Hardening Technique ond 


SUGGESTION 
hardening proble 
nepey vo work ow © 


NEW THE 
FROM START TO FINISH! 


The Ther-monic core baking process 

makes it possible to reduce handling 

and breakage. Cores uP to 20” x 60" in 

any length are boked evenly through- 

out, with no green centers. The Ther-monic 

process achieves @ finer core finish 

eliminates over-baked and burned sur- 

faces. No cooling period is required 

cores, after leaving tunnel, ore immed 

ately ready for inspection and use 

Ther-monic baked cores are highly re 

sistant to cracking during the pouring MODEL M7200 
operation—reduce finning to @ negli Capacity: Four Tons of Sand Cores Per Hour 


gible factor Write for complete detoils' Overall dimensions of Conveyor ond Electrode Housing ex 8x32 


INDUCTION HEATING COR 
P Li 
181 WYTHE AVE., sabotlvves. ail ie 
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Inclusion-free high-carbon ferro chromium 


assured by new process 


Most ball and roller bearings must take terrific punishment 
in service, and their dependability is based directly upon the 
quality of steel from which they are made. 

To meet the requirements of the bearing manufacturer and 
his customers, the steelmaker can rely upon our newly im- 
proved ferro chromium to help him produce consistently 
high grade bearing steels. 

The high-carbon ferro chromium we have recently de- 
veloped is exceptionally free from non-metallic inclusions, 
entrapped slag and dissolved gases. It is made by a new 
process* which includes filtering out harmful inclusions by 
pouring the metal, as tapped from the furnace, through a 
layer of molten slag of special composition. In addition to 
removing the undesirable inclusions, this process also assures 
greater density of the metal and the absence of shrinkage 
cavities in individual lumps. 

High-carbon ferro chromium contains 66 to 70 per cent chro- 
mium, 4 to 6 per cent carbon, and 3 per cent maximum silicon. 

Our technical staff will be glad to demonstrate to you the 
benefits to be gained in your steelmaking by the use of this 
improved high-carbon ferro chromium. "Patented 


VANADIUM ClorRPORATION OF AMERI 


420 LEXINGTON AVE., NEW YORK 17, N. Y. 
CHICAGO + DETROIT * CLEVELAND «+ PITTSBURGH 
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ults in treating metaf,. 
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or speclf these long-lived Nortoy p “es 


Ves 


tubes 


Alundum Refractory tubes are made in a variety of sizes 
Because of 
the excellent electrical qualities of Alundum the resistor can 
be wound directly in the tube. 
furnaces for wire drawing, particularly tungsten and molyb- 
denum and for sintering cemented carbides. 


for electric furnaces of the metal resistor type. 
They are used largely in 


Crystolon 
tubes con be supplied in the same sizes for many high 
temperature operations where electrical insulation is not o 
factor. Alundum is also available as thermocouple tubing 
and as pyrometer tubes, both ideol, for protecting costly 


thermocouples in temperature recording devices. 


Alundum cores are very useful in furnace manufacture. 
They hove all the properties of Alundum tubes with the 
added physical feature of being molded with grooves for 
retaining the resistor wire. For the operator who must 
prepare a special furnace on the job, cores are a great 
help because the resistor can be applied easily and simply 
in the spacing provided. 


The resistor may be spiralled or straight and wound in the 
grooves and then embedded in Alundum cement. Thus, 
fully protected, the wire is less liable to corrode since these 
mixtures are chemically inert. Alundum cores have high 
heat conductivity and do not become electrical conductors 


even at high temperatures. 


muffles 


One-piece muffles of both Alundum and Crystolon can be 
provided, rectangular, ‘'D" shape and “U" shape for build- 
Such 


furnaces are used in a great variety of operations and 


ing small furnaces heated by oil, gas or electricity. 


most prefabricated furnaces on the market have furnace 
chambers formed by muffles of one or the other of these 
materials. Only Crystolon muffles are carried in stock, but 
Alundum muffles are gladly supplied on order. Alundum 
muffies are used primarily where electrical resistance is 
desired at temperatures above 1250° C. In electric fur- 
naces the resistance wire encircling the muffle should be 


embedded in Alundum cement. 


beat 


 — 


Norton Company e Worcester 6, Mass. 


for handling heat | 


WNORTONK 


small furnace refractories 





mixture 


desi ion SOMPosition 


Structure 


shapes available 


remorks 





RA 98° alumina 89%, 


cores, tubes, muffies 
and most special 
shapes 


subject to reduction 
of silica above 
1450 C. in reduc- 
ing atmosphere. 





RA 1139" alumina 99% 


cores, tubes, muffles 
end many specic!l 
shapes 


uwsed to 1650 C 
but subject te dis- 
tortion above 1550 
C. under load. 





alumine 99-7, 


tubes ond 
filet ond 
shapes 


certain 
simple 


wsed to 1750° C 
but subject to some 
distortion above 
1600 C. under load 





RA 1213 





99-% 


tubes, certain cores, 
muffies, and flat ond 
simple shopes 


used to 1900 C., 
little distortion in 
use to 1800° C 





RA 1191 = alumina 99-% 


coorse 


certain 
end fiat 


tubes, 
muffles 
shapes 


used to 1900 C., 
little distortion to 
1850 C.; coarse 
grained surface 





silicon 
carbide 65%, 


cores, tubes, muffles 
and special shapes 


reduction, oxidation 
and electrical con- 
ductivity increese 
with temperature; 
not recommended 
for use above 1100 
C.; suitable for use 
with bese metol 
resistors only. 





Rc 1138 


carbide 83% 


medium 
fine 


some cores, tubes, 
muffles and special 
shapes 


reduction, oxidation 
and electrical con- 
ductivity increase 
with temperature; 
not recommended 
for use above 1450 
C.; suitable for use 
with bese mete! 
resistors only 





“suitable electrically heated furnaces only 


refractory cements 


In the construction of externally wound electric furnaces, tubes 
and muffles are covered with a cement to hold the resistor in 
place and to protect it from contamination by materials which 


might damage it. 


Norton cement mixtures are composed of 


Alundum grain, suitably sized, to which is added ao ceramic 


binder. 


Norton refractory cements used for imbedding resistor 


elements are purposely designed to reduce possible reaction to 


the minimum. 
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high strength-to-weight ratio 


does the job 


MORE PAYLOAD! 


Result: Operating costs of 
mobile equipment fabricated 
of Inland HI-STEEL are 
greatly reduced. 








LIGHTER! 


Result: Payloads of mobile 
equipment fabricated of Inland 
High strength, low alloy : HI-STEEL can be greatly 


Inland HI-STEEL has : ‘ : increased, 
nearly twice the yield 
strength of ordinary 


structural-grade carbon 


2 aN SEE) APE CEES te 8 


steel! It permits weight 





reductions up to 25% 


of total unit weight and , : NO STRENGTH LOSS! 


at the same time affords Result: Higher strength permits 


use of lighter sections. Three 
to abrasion and tons of HI-STEEL will usually 


greater resistance 


atmospheric corrosion. produce the same number of 
units requiring four tons 
of ordinary structural-grade 
carbon steel. 
And Inland HI-STEEL can be 
worked either hot or cold with 
little or no change in standard 
shop practice. 


INLAND STEEL COMPANY, Dept. mp-70 38 S. Dearborn Street, Chicago, Ilinols 
OTHER PRODUCTS: BARS © STRUCTURALS © PLATES © SHEETS « SiRIP « 
TIN PLATE © FLOOR PLATE © PILING © RAILS © TRACK ACCESSORIES. 


Sales Offices: Chicago, Davenport, Detroit, Indianapolis, Kansas 
City, Milwaukee, New York, St. Louis, St. Paul. 
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The author believes that producers of railroad equipment are 
insufficiently aware of the problems posed by decarburized surfaces 


of steel parts 


or, if aware, are not taking proper precautions 


to avoid or allow for this deficiency in as-rolled or as-forged metal. 





Problem of Deearburization in 


Railroad Materials 





oe THrouGuout the years the general develop- 
ment of American railroad practice, despite 
some ups-and-downs, has been toward more con- 
centrated traffic and increased safety. Economical 
handling of freight and passengers has meant big- 
ger cars, heavier engines and longer trains. Elec- 
trified and diesel engines mean higher speeds on 
the average and for short stretches. The combina 
tion of greater loads and speeds throws greater 
stresses and higher impacts into both rolling stock 
and roadbed. Yet failures cannot be tolerated, not 
only because of the hazard to life, but because a 
wreck is extremely expensive in dollars and_cents 

Metallurgically speaking, the demand for 
higher safety of engines, cars and track even at 
higher speeds has been met, as a general rule, first 
by changing to a better material and later by 
“beefing it up”. The rail is a well-known instance. 
Wrought iron straps were too soft; the hardet 
bessemer steel rail was introduced in 1862; it 
weighed about 56 lb. per yard. Intervening prog- 
ress has been toward harder and stronger steel up 
to the limit of eutectoid composition, and a bigger, 
higher, heavier rail. Now-a-days a 130-lb. section 
is common on main track, and is safe for 
80,000-Ib. axle loads at 80 miles per hr.; the maxi- 
mum 152-lb. section is used by eastern high-traffic, 
high-speed lines for 100,000-Ib. axle loads at 100 
miles per hr. 

This trend toward hard steel rails of heavy 
section has not been without its headaches. All 
know of the “internal transverse fissures” that 


mystified steel men and railroad men alike 
between 1915 and 1940, until it was tracked down 
to “dat ol’ debbil” hydrogen and cured by cooling 
the rails slowly after the last pass in the rail mill 
It is too much to say, however, that the rail and 
other items of track construction are perfect. The 
method of manufacture of all rolled steel products 
exposes the hot metal for long times to oxidizing 
atmospheres; inevitably some of the carbon is 
burned out of the surface layers. Those decar 
burized surfaces lower materially the resistance to 
fatigue. In a piece of rail the danger is not only 
that the decarburized surface has a lower endur- 
ance limit than the stronger steel from which it 
was derived, but the rolling or peening of the 
softer surface under wheel action throws high 
compression into the surface and resultant tensile 
stresses into the supporting harder steel. 

A further difficulty is that there is no uni- 
formity in the amount of decarburization, the sur- 
face carbon content, or the depth to which free 
ferrite extends yet all these matters are impor- 
tant. Variation in rail steel, for example, is shown 
in Fig. | which compares decarburization depth 





By Ray McBrian 
Engineer of Standards and Researct 
Denver & Rio Grande Western Railroad C 
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and area of free ferrite (made by researches con- 
nected with the University of Illinois’ Rails Inves- 
tigation). It can be seen that there are variable 
amounts present and this greatly influences resist- 
ance of steel to fatigue failures. 

It is not to be inferred from the above that 
rails at present are unsafe. Quite the contrary. 
In fact, the average American is safer when in a 
passenger coach than he is in his own home. 
Nevertheless, some unusual failures are discovered 
now and then during routine track inspections, 
that would not have occurred except for the soft 
skin described above. 

For example, Fig. 2 shows a fatigue crack in 
a rail taken from the high side of a curve, in a 
position where normally it is considered that the 
rails are stressed principally in compression, yet 
where, in this specific case, there was very little 
reduction of rail dimension by wear. This rail 
has been removed from track, broken open, and 
magnafluxed to illustrate the type of fatigue 
cracks, 

This condition was unusual in that the failure 
occurred on the higher elevated rail of the curve, 
and ordinarily this type of fatigue failure is 
experienced on the lower rail of curves after con- 
siderable metal has been abraded by wear. Micro- 
scopically, the decarburized condition was similar 
to the second from left in Fig. 1, and the carbon 
content at the surface was no more than 0.20 


The wheel load, as remarked, would be nearly ver- 


tical, but at times the tangential forces required to 
turn the cars around the curve at definite speeds 
would throw horizontal stresses into the rail head 
directed toward the left in Fig. 2 rhe alternat- 


ing stresses existing at the point of fracture are 


Fig. 1 Decarburization at the 
Surface of Four Standard Rails 
From Four Rail Mills, Repre- 
sentative of Variabies That Exist 
in All American Production. 
Magnification 100 diameters; 
full depth of micrographs rep- 


resents 0.030 in. from the surface 


difficult to compute, but 
obviously ranged from 
compressive to tensile, and 
the range was too much 
for the low-carbon steel at 

the surface to endure. 
Another example we 
have found emphasizes the 
importance of the fact that 
track materials in the 
as-rolled condition develop 
fatigue failures in decarburized surfaces at points 
of high realized stress: The joint bars are rolled 
sections with considerable vertical and lateral 
stiffness placed on both sides of the rail joint, and 
fastened with two bolts in each rail. Even though 
the bolts wedge the joint bars tightly against the 
underside of the head and the top side of the rail’s 
base, there is a small amount of bending and longi- 
tudinal slip under passing wheel loads, heavily 
cold working and distorting the surfaces in contact 
Fig. 3). Such plastically deformed surface metal 
badly decarburized during manufacture) can 


Fig. 2 -— Longitudinal Fatigue Crack in Fillet 
Between Head and Web of Rail. The rail was in 
the outer or high side of a curve; the wheel tread and 
flange rolled on the upper right radius but there 
was very little wear, either vertically or sidewise 
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readily develop surface cracks, which originate 
fatigue fractures, as shown in Fig. 4. The location 
of these fractures are midlength of the joint bar 

that is, very close to the location of the abutting 
rail ends, where all bending loads are carried by 
the joint bars, and alternating stresses are at a 
maximum. 


Motive Power 


With the passage of years the steam locomo- 
tive became more powerful and heavier, and its 
various parts more bulky (in conformity with the 
general principle mentioned above). Despite this 
apparent gain in strength, we were much disturbed 
over the proportionate amount of shop time 
required for repairs and replacements, so about 15 


Fig. 3 (Above) Plastically Deformed Metal 


{long the Decarburized Surface of Joint Bars. 


Note cracks where ductility is exhausted. Fatigue 
failures originate at or near bar’s midlength, imme- 
diately under abutting rail ends (marked by bracket 


on photograph). Magnification 50 diameters 


years ago the Denver & Rio Grande Western Rail- 
road instituted the rule that some 30 vital locomo- 
tive parts must be magnafluxed at every general 
overhaul on each engine. So many siderods were 
found cracked that a redesign was necessary to 
avoid stress concentrations. 

Steam pressures and temperatures were also 
going up and with them fatigue failure in firebox 
sheets and in steel staybolts all slightly decar- 
burized. Cracks in the crown sheets would start 
from rivet holes, where stresses concentrate. Not 
being able to get boiler plate without decarburiza- 
tion (nor to keep it from being deca: burized when 
in use in contact with hot combustion gases) we 
changed our specification to add 0.50% molybde- 
num to steel of firebox quality. This enhances the 
strength of the ferrite very materially, and has cut 
our boiler troubles correspondingly. 

With the advent of the diesel-electric locomo- 
tive into the American railroad field, it was thought 
that due to the metallurgical experience gained 
by the use of the internal combustion engine in 


other fields there would be no trouble from such 


origins as fatigue cracks originating in decarbu- 
rized surfaces. However, this has not been true. 
Failures are occurring from this very cause, the 
major difference arising from the smaller physical 
dimensions of the diesel parts 

An unusual failure related to decarburized 
surface has occurred in diesel locomotive wheels 
Fatigue cracks originated in decarburized surfaces 
in the letter and numeral stampings on the back 
rim of the wheel (Fig. 5). These marks had been 
impressed while the metal was still hot. A micro- 
section cut normal to the surface and intersecting 
one of the punch marks showed decarburized sur- 
face of equal depth at all points. 

In all of the years of operating steam locomo- 
tives no such types of failures were found or 
reported, so far as I have been able to discover. 


4 (Below) 


With the advent of the diesel-electric locomotive, 
its wheels of smaller diameter, higher unit pres- 
sures and higher syeeds have evidently contributed 
to the development of this type of failure. Since 
all fatigue cracks must originate from tensile 
stresses, it is obvious that cyclic tensile stresses 
are present of sufficient magnitude, localized in 
the surface depressions to act as the notch and 
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Typical Fatigue Cracks in Joint Bar 


to develop and progress through these depressions Conclusion 
in forged steel wheels. 
Other failures in diesel parts due to decarbu- Through a study of failed railroad materials 

rized surfaces on forgings or as-rolled shapes made of as-rolled or as-forged shapes, it has been 
found that decarburized steel 
surfaces are responsible for the 
development, under operating 
stresses, of fatigue failures 
when no other such nucleus is 
present. 

These fatigue failures orig- 
inate and develop in the decar- 
burized surface under much 
lower stresses and loadings 
than would be required to start 
their development on the par- 
ent material below the decarbu- 
rized surface. 

Very few designers of rail- 
road materials take into con- 
sideration this important fact. 
As a result much earlier fail- 

Fig. 5 Magnaflux Indications (Marked by Inked Arrows ures occur under railroad cyclic 
Locate Fatigue Cracks in Bottoms of Punch Marks in Wheel Rim rolling than are expected, when 


include a crack in a valve 
rocker arm (Fig. 6; a forg- 
ing whose surface was 
subsequently found to be 
almost totally decarbu- 
rized) and a heavy coiled 
spring —— a type of failure 
that is so well known it is 
hardly worth photograph- 
ing. In the latter instance 
the decarburized surface 
was so thin (about 0.0025 
in.) and so sharply differ- 





entiated from the high 
carbon core that it is likely 
the spring was coiled from 
ground rod and the surface 
damage was done during 
heat treatment. Since tests 
on spring materials and big. 6 Rocker Arm; Fatigue Crack in Totally Decarburized Surface 
manufactured springs, 
made at least 20 years ago, 
amply demonstrate the damage done by inferior compared to like material used in other industries. 
surface, and since the heat treating techniques Magnaflux and other methods of inspection 
and atmospheres required to prevent decarburiza- can detect these cracks in the early stages, but the 
tion are well known and easily applicable to parts principal problem is to awaken the designers of 
of this size, it is not too much for railroad men railroad materials for present production and for 
to expect that their suppliers use ordinary care in future developments, to the knowledge that decar- 
the production of such important parts. A little burized surfaces lower, materially, resistance to 
extra expense by the fabricator will save larger fatigue and must therefore be considered most 
repair bills later on carefully So 
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Aleoa’s New Plant at 


Point Comfort. Texas 





ALUMINUM is a remarkable industry 
Greatly expanded during the war, its post- 
war history proves the point. Its principal war- 
time customer building relatively few airplanes 
indeed, providing the market with much secondary 
scrap the aluminum industry still must bring in 
much new production and mill capacity to meet 
the demands of the 1950's. There is a rough pat 
allel with automobile production; United States 
and Canada smelt six times as much aluminum 
ingot as the rest of the world, excluding the 
unknown Russians, and we use nearly all of this 
metal ourselves 
The wartime worry about aluminum ore sup- 
plies has been changed to a peacetime worry about 
power supply, for cheap power is necessary for 
cheap aluminum. Nearly half of the governmental- 
financed capacity built in the early 1940's 
depended on high-cost, but existing, power plants 
Power is getting to be so valuable in Eastern 
United States for residential and manufacturing 
use that it is becoming increasingly difficult to 
justify diverting any of it to smelting; more money 
can be made by selling electricity to a cotton mill, 


for example, than by converting it to aluminum 


Cheap power, speaking generally, no longer exists 
in highly industrialized or densely populated 
regions of America; it is to be had only on the 
fringes of those regions or remote from them 
With this basic thought in mind it is not so sur- 
prising that more than half of the aluminum ingot 
made in North America is made in the South, the 
far West, or the extreme North, and that the most 
recent addition to capacity is on the Gulf Coast in 
Texas. Aluminum ingot is made at a distance and 
shipped to populous places for fabrication. In 
steel you can’t do that; it is too heavy and the 
freight rates are too high. Aluminum’s light 
weight helps much in this respect. 

According to Francis C. Frary’s article in 
Vetal Progress for August 1949, Aluminum Co. of 
America then had five plants, all operating on 
hydro-electric power: 

Niagara Fall}s, N. Y. 20,000 tons per year 

Badin, N. C. 34,000 

Massena, N. Y. 57,500 

Vancouver, Wash. 76,000 

Alcoa, Tenn. 145,000 


capacity 


Faced with the necessity for closing the pio- 
neer plant at Niagara Falls (where power became 
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too valuable), and with an insistent demand for 
metal impossible to supply with existing capacity, 
the company has constructed a 57,000-ton plant at 
Point Comfort, on the Gulf Coast in Texas, 120 
miles southwest of Galveston. Here is no hydro- 
electric power, but a great supply of natural gas 
Gas engines, direct connected to electric gener- 
ators, 120 of them in three identical power plants 
Fig. 1) create the energy for the three “pot lines”. 

These engines, designed and built by Nordberg 
Mfg. Co. of 


respects. 


Milwaukee, are unique in many 
As seen in the photograph these have 
some external similarity to the radial aircraft 
The main shaft is vertical and carries the 
generator’s rotor below the operating floor. The 
eleven gas cylinders, 14-in. bore and 16-in. stroke, 


engine. 


are in a horizontal plane, fire in rotation, but 
unlike the aircraft engine, drive a master gear 
rather than a crankshaft from which rotation is 
imparted to the main shaft through a proper gear 
train. The 11 connecting rods are attached to the 
master gear by knuckle pins mounted in bronze 
bushed bearings. 

The engines are two-cycle; intake and exhaust 
are timed by the pistons uncovering ports in the 
cylinder walls, and no valves are required. Circu- 
lar manifolds for scavenging and exhaust are 
located in the lower level of the engine room 
Each engine has its own exhaust stack, 7‘ ft. in 


diameter, 50 ft. high, fabricated on the site from 


Fig. 1—One of the Three Power Houses. 


engines drive vertical shafts direct connected to generators placed below 


1600-hp. 


‘s-in. aluminum sheet (riveted construction). 
These stacks also handle cooling air from the 
generators and from the heat exchanger (engine 
radiator). 

Each engine operates at 360 r.p.m., produces 
1600 hp. at a thermal efficiency of 30%. Each 
generator (Elliott, General Electric or Westing- 
house) produces 1000 kw. of direct current power 
at 667 volts, which is fed into an aluminum bus 
Each 
generator also produces enough alternating cur- 


bar line directly leading to the pot rooms. 


rent power to run its necessary auxiliaries, thus 
eliminating the possibility of a total interruption 
of station activities. (The generator acts as a 
starter motor, also.) 

The engine cylinders are water cooled; this 
water as well as the lubricating oi) is recirculated 
to an air-cooled heat exchanger, one for each 
engine. Except for cast iron manifolds, these 
exchangers are made of Alclad 3S alloy; tubes and 
fins are joined mechanically. Good thermal flow 
across the mechanical joint is secured by the 
device of expanding the tube into flanged holes 


in the fins. 


Reduction Pots 


Aluminum production units known as reduc- 
tion pots occupy the three major structures shown 
in the air view at the head of this article. Each 

structure, incidentally, con- 
long, 
buildings containing 30 ree- 


sists of four narrow 


radial gas 
tangular pots placed end to 
end. Thus there are three 
groups of 120 pots, each 
group connected electrically 
in series to the generating 
supply of 667 volts, the volt- 
age drop at each cell averag 
The most 
prominent feature of Fig. 2 


ing about 5.5 volts 
the interior of one of these 
pot rooms, is the laminated 
connectors of wide aluminum 
bars carrying current from 
the base of one pot to the 
electrode hangers above the 
succeeding one 

As far as the process is 
concerned, it is well known 
that chemically refined alu 
mina (Al,O,) is dissolved in 
Na, AIF, ) 
held in a carbon lined cell or 
pot at about 1800°F. Elee- 
tric current, led in from car- 


molten cryolite 
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bon electrodes suspended from above, passes 
through this conductive molten mixture, dissociat- 
ing the alumina. The alumina collects on the pot 
lining, eventually forming a pool of metal on the 
bottom (the electrolyte having a density of 2.10, 
slightly lighter than molten aluminum’s 2.28). 
The freed oxygen migrates to the carbon electrode, 
and reacts to CO, gas; electrode consumption is 
therefore high, being 65 to 70 Ib. of carbon for 
every 100 Ib. of aluminum. 

This is the original process discovered 60 
years ago by Charles M. Hall and Paul Héroult, 
independently and almost simultaneously. Devel- 
opments since then have been in details of the 
process use of artificial cryolite, construction 
of a rugged pot and its appurtenances such as cur- 
rent carrying devices and connections, discovery 
of optimum size and shape of individual elec- 
trodes, development of the Séderberg self-baking 
electrode and its support, labor-saving equipment 
(pavement busters on self-propelled carriers for 
breaking the frozen cryolite crust, and syphons for 
getting out the molten aluminum). The results of 
these many years of experience have been incor- 
porated in this most modern Point Comfort plant. 

Theoretically, close to 3 kw-hr. of electrical 
energy are required to dis- 
sociate enough alumina to 
produce 1 lb. of aluminum. 

Actually about 9 kw-hr. are 
fed into the cell per Ib. of 
aluminum. The difference 
reappears as heat. Also 
some more heat is produced 
by combustion of the elec- 
trodes (reaction with liber- 
ated oxygen, plus a certain 
amount of combustion with 
surrounding air, especially 
when individual electrodes 
are used). \ substantial 
part of the art of successful 


pot design and operation is 


hig. 2 One of 12 Pot Rooms 
at Point Comfort Plant 
\ Steel pot binding 
B Alumina bin 
( Loose alumina on 
frozen crust 
D Bin for carbon electrode 
I Stubs to lead current 
into electrode 
Current carriers 
Ventilator for pot fumes 
Support for electrodes 
and busses 
Cat walk 


concerned with the radiation and disposal of this 
unwanted incidental heat. It gets out through the 
pot structure and at the top of the bath. The pot 
itself is of steel plate, protected with insulating 
firebrick inside which is a lining of carbon-pitch 
mixture, baked-in as a preliminary to operations. 
An open-topped rectangular cavity is so formed 
for the molten bath. Of course the pot itself could 
be insulated more adequately; there is a limit to 
this, however, for more insulation means higher 
bath and electrode temperatures and larger losses 
of carbon through combustion of air. On the 
other hand, insulation must be enough to retain 
heat to keep the bath in a well-liquefied state 
there is an obvious low limit on operating 
temperature. 

Much of the heat escapes through the top of 
the bath, and a crust of frozen cryolite accumulates 
Subse- 
quent charges of alumina are spread on this crust; 


here, growing to as much as 3 in. thick. 


this acts as an insulator to prevent the crust from 
thickening too rapidly. At the same time the alu- 
mina is preheated and any traces of moisture are 
driven off. At intervals of four to six hours the 
crust is broken up (by a pneumatic pavement 
buster or by hand) and the granular alumina 
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Beam System 


insulated 
Cap 


is then rabbled into the bath of molten electrolyte 
just below. 

If the electrolyte becomes too depleted in alu- 
mina say, below 2% % an “anode effect” 
occurs; the molten bath ceases to wet the electrode, 
the two becoming separated by a thin film of gas 
which raises the resistance of the circuit as much 
as tenfold. If this were not corrected promptly 
the heat evolved by the extra resistance would 
raise the bath temperature disastrously. In prac- 
tice, warning is given by an incandescent lamp 
shunted across the terminals; normally dark, it 
glows when the anode effect starts. The operator 
then breaks the crust, mixes in a new charge of 
alumina, flaps the molten electrolyte vigorously 
against the electrode, and normal operation of the 
cell ensues. 

The unexperienced observer might imagine 
that, by and large, tendencies in a cell to go off 
normal would automatically generate their own 
correctives, else it would be a superhuman task to 
operate over a hundred pots in series. As a matter 
of fact, an extreme anode effect in a single cell 
would lower the amperage on the entire line a 
small amount, but if a cell gets into serious trouble 
it can be promptly short circuited cut out of the 
operating line. 
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Fig. 3 Sketch of Cell With Soderberg Electrode 
(Adapted From Fig. 5, “The Electrolytic Produc- 
tion of Aluminum” by Francis C. Frary, Journal 


of the Electrochemical Society, V.94, 1948, p. 31) 
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Theoretically, no cryolite bath is lost in the 
process, but actually a little is lost through reac- 
tions with trace impurities in the alumina charged 
and from the carbon ash. Some is dragged out on 
rabbles and sucked out with the molten aluminum, 
but most of this is recovered and reused. New 
bath materials, such as cryolite, spar, and alumi- 
num fluoride equal about 5% by weight of the 
aluminum produced. 


Electrodes 


Carbon is one of the most important subsid- 
iary materials used in making aluminum. It must 
be cheap yet it must be pure all basic impurities 
in the ash are reduced and contaminate the alu- 
minum. Ground petroleum coke is pug milled 
with melted pitch and tar to a consistency about 
the same as the patching for an asphalt pavement. 
At the Point Comfort plant this paste is loaded 
into a rectangular bin, which is centered above 
each cell, and it forms the self-baking Séderberg 
electrode. 

As shown in the diagram, Fig. 3, the carbon 
bin is a rectangular box, open top and bottom. 
The bottom of the mass of carbon it contains is 
baked hard by the heat coming up from the bath; 
it is baked as fast as it is consumed, and the mass 
is lowered periodically as the carbon wastes away 
and the aluminum pool is drained, so as to main- 
tain the layer of electrolyte (and the resistance of 
the cell) reasonably constant. This heavy mass 
of carbon is supported by a double row of closely 
spaced steel stubs, which also lead in the electric 
current from the busses alongside. As the lowe! 
ends of these stubs approach the bath level, they 
are individually pulled by a portable jack, some 
soft paste dropped into the hole, the stub reset on 
its support at the new level and electrical connec- 
tions retightened. 


General Plant Construction 


So much for the reduction process and equip- 
ment. As far as the plant itself is concerned, Point 
Comfort makes excellent use of its own metal. 
About 25 buildings with 18'2 acres of floor space 
are covered with aluminum roofing and siding, 
fastened largely by stud welding. Fences, lamp 
poles, transmission towers are of aluminum wire 
and extrusions. Power plant auxiliaries, as 
already noted, including stacks, heat interchangers 
and air washers, are of aluminum construction. 
Nearly 3000 tons of aluminum bars go into elec- 
trical conductors. 

A modern aluminum plant for making a mod- 
ern metal! e 
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1 chilling graphite molding mixture has been developed which has the properties 


of a good ordinary molding sand and a much higher heat conductivity. 


Cost is 


low, especially when old broken crucibles are the source of graphite. Used as a 
facing for sand molds, this mixture increases mechanical properties of cast metal. 





Castings Improved by the Use of 


Graphite Molding Material 





Ir is well-known that the properties of cast 

metal are greatly affected by the speed of 
solidification. This speed is in direct proportion to 
the heat conductivity of the mold material. When 
the speed is slow the crystalline structure of the 
freezing metal is formed by equiaxial grains. With 
increase in speed the crystals become longer and 
their axes have an orientation perpendicular to the 
walls of the mold, forming the so-called dendritic 
structure. When the molten metal is heated to a 
temperature considerably higher than its melting 
point the number of nuclei from which the crystals 
grow is reduced and the size of the crystals becomes 
larger, making the structure coarser. The same 
occurs when a metal is held molten too long 
Careless remelting acts in the same direction. 

The mechanical properties of cast metal depend 
also on the temperature and speed of pouring and 
on the manner of feeding 

The majority of ferrous and nonferrous cast- 
ings are poured in green or dry sand molds, Molds 
made of metal or some special composition are less 
extensively used. 

When metal is poured into a sand mold, the 
heat is conducted from one sand grain to another 
with an ever-diminishing speed. The molten metal 
comes in direct contact with the sand of the mold 
only for a very short time, on account of the for- 
mation of a crust of solid metal which retards the 
flow of heat. Furthermore, the shrinking metal 
pulls away from the wall of the mold, leaving a 


space filled with air and other gases. This slows 
down the heat transfer still more. All materials 
used in the building of a sand mold sand, clay, 
organic or inorganic binders have low heat 
conductivity. Moisture increases the conductivity, 
but the amount of water necessary to give grern 
molding sand the required plasticity must not 
exceed 10°, because otherwise steam may be 
formed which will create porosity in the metal. 
It is very important to control shrinkage of 
the metal in the mold. This is done partly by 
directed solidification with the aid of chills 
pieces of cast iron, copper or aluminum of variable 
size and shape. Chills are placed in the wall of 
the sand mold at spots where faster freezing of 
the metal is desired. The chills must be perfectly 
dry. Sweating of the chills is the main cause of 
the so-called blowing. Cast-iron chills can also 
absorb gases and release them when heated. Rust 
will be a source of gases too. Oxidation of 
aluminum and bronze chills lowers their heat con- 
ductivity. When a permanent mold made of metal 
is used, the mechanical properties of the casting 





By Vladimir A ( irodsky 
Metallurgical Engineer 
LIS. Naval Gun Factory 
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Table | — Thermal Conductivity of Foundry Materials 





MATERIAL ConbITION K 
Nonmetallics 
100 to 390° C. | 
100 to 914° C. 
20 to 40 mesh, 40° C, | 
100 mesh, 40° C. 
100 to 360° C. 


Graphite, Artificial 
Graphite, Artificial 
Graphite, Natural 
Graphite, Natural 
Carbon, Amorphous 
Carborundum 

Clay 360 to 600° C. 
Sand, Dry 

Concrete 

Plaster of Paris 0.0005 
Water 0.00136 
Air S. 0.0000719 


0.338 
0.291 
0.0031 
0.00044 
0.089 
0.0005 
0.002 
0.00093 
0.0022 


Copper 
Aluminum 0.492 
Magnesium Ya 0.376 
Zine PC. 0.2619 
Tin PC. 0.145 
Nickel 0.138 
Aluminum Alloys 0.309 to 0.370 
Brass and Bronze 0.102 to 0.260 
Steels 0.117 to 0.160 
Cast rons 0.094 to 0.135 


0.908 











Coefficient of heat conductivity, K, is in gram- 
calories transmitted in 1 sec. through a layer 1 cm. 
thick per 1 sq.cm. of its surface, when the difference 
in temperature between faces of the layer is 1° C. 


are improved but the cost of the mold is often 
prohibitive, especially for a small number of cast- 
ings. Permanent molds made of plaster of paris, 
cement, or other material have other drawbacks. 

Of all the nonmetallic substances, graphite has 
the highest heat conductivity (Table I). This 
property has been known for a long time, and 
compressed graphite chills have been used in the 
foundry trade for years. However, these chills are 
quite expensive, break easily, and produce chill 
blows if not properly placed. 

Graphite has two main forms — crystalline and 
amorphous. The coefficient of expansion is low and 
graphite withstands high temperatures without 
deformation; it is also nonwetting when it comes 
in contact with molten metal. Its slow combustion 
at approximately 1200°F. in the presence of 
oxygen creates, however, a gas film which separates 
the mold from the metal. The thermal conductivity 
and other properties of graphite depend on the 
nature, size, and directionality of the crystals and 
flakes Artificial graphite has the highest heat 
conductivity, graphite powder the lowest. 

The greatest use of graphite in the field of 
metallurgy is in the manufacture of crucibles 
The better grades of crucibles sometimes contain 
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silicon carbide, which has a lower heat conduc- 
tivity than graphite but makes the crucibles 
much stronger. 

When graphite is mixed with sand it will 
increase the conductivity of the latter very little. 
Therefore, it was logical to assume that only a 
molding material which has the form and shape 
of sand, and has graphite incorporated within 
its grains, can be expected to answer the purpose. 
Such material can be produced by burning an 
intimate mixture of graphite and clay, crushing 
it and running it through the proper sieves 
(V. A. Grodsky, U. S. Patent 2,201,366). 

Both the crushed crucibles as well as the 
burned mixture of clay and graphite have to be 
made plastic by adding 3 to 3.5% 
of bentonite, 1.5 to 2.5% 


(by volume) 
(by volume) of some 
organic binder, and a quantity of water, so that 
the moisture content does not exceed 6 to 10%. 

Any metal cast in a mold made from such 
composition immediately shows the effect of 
chilling. 

The actual molding is very simple. The 
pattern is placed on a matchboard and covered 
by a layer of the graphite molding mixture 
14 to 1 in. thick. The flask is then filled with 
ordinary molding sand and rammed in the usual 
manner. As a result the walls of the mold are 


Table Il — Mechanical Properties of Alloys Cast in Sand 
and in Graphite Mixture 








, INCREASE 
TENSILE 


Sraenorn | W!T# 
|\GRAPHITE 


| INCREAS 
Wirn 
GRAPHI 


ELONGATION 
In 2 IN. 


Aluminum Alloy With 5.5% Zn, 0.6% Mg, 0.5% Cr, 0.2% Ti 
Required Minimum | 32,000 psi. | 3.0% 


27,370 | 10.5 

33,500 22.4% 15.7 
Aluminum Alloy With 5% Si 
Required Minimum | 17,000 3.0% 
Cast in Sand 19,000 8.5 
Cast in Graphite 22,000 5. 15.0 

Aluminum Alloy With 7% Si, 06.3% Mg 
Required Minimum | 25,000 3.0% 
Cast in Sand 27,580 7.8 
Cast in Graphite 31,500 14.2% 11.5 
Aluminum Alloy With 4.5% Cu 
Required Minimum | 29,000 6.0% 
Cast in Sand 35,500 9.0 
Cast in Graphite 41,250 16.2% 17.25 91.7% 
Cast Phosphor Bronze With 8% Sn, 4% Zn, 0.1% Pb 
Required Minimum | 30,000 12% 
Cast in Sand 44,000 34 
Cast in Graphite | 47,500 7.95% 39.5 
Cast Gun Metal With 8% Sn, 4% Zn 

Required Minimum | 40,000 | 20% 
Cast in Sand 44,000 35.5 
Cast in Graphite 50,000 13.6% 39.5 | 


Cast in Sand 
Cast in Graphite 


76.4% 


11.1% 














Required minimums for aluminum alloys are from Navy 
Specification 46A1f; phosphor bronze, 46B5j; gun metal, 46M6h. 








composed of a chilling layer about % to %4 in. 
thick, backed by molding sand. 

Sets of aluminum test bars (Navy Specification 
46A1) were cast after the melt had been degassed 
with small amounts of lead chloride. One bar of 
each set was molded in the chilling mixture. As a 
result each pair of bars was cast in the same flask, 
from the same metal, at the same temperature and 
speed. The only difference was that one bar was 
chilled and the other was not. 

The increase in mechanical properties of four 
aluminum alloys and two copper alloys cast in a 
graphite chilling mixture, compared with the results 
obtained by casting the same alloys in ordinary 
molding sand, are shown in Table Il. The aluminum 
alloys were particularly responsive, with an 
increase in tensile strength up to 224% and 
elongation up to 91.7%. 

The fracture of chilled test bars showed always 
a much finer structure than the fracture of bars 
cast ‘n sand. To compare the structure of larger 
aluminum alloy castings, two 3x 3x 3-in. blocks 
were cast in the same flask. Block A was molded 
in sand and block B in a graphite molding mixture 


(Fig. 1). Both blocks were macro-etched with a 


solution of 20% HCl, 5% FeCl, and a few drops 
of HF. (If the etch is too strong a few drops of 
glycerin should be added.) Micrographs were 
taken of specimens from five positions on the cross 
section of each block, as shown in Fig. 1. The 
small samples cut at the locations indicated were 
etched with Keller’s reagent (0.5% HF, 1.5% HCl, 
2.5% HNO,). 

By comparing the micrographs it could be 
noticed that the chilled block B was less porous, 
that it had a finer structure, and also that the chill 
affected the whole block. Castings made in chilled 
molds were always denser and could stand a higher 
pressure test; their surfaces were clean and smooth 

The graphite chilling mixture will not con- 
taminate the molding material after stripping; 
therefore, separating is unnecessary. The cost of 
the mixture is low, especially when old broken 
crucibles are used. 

Acknowledgment is due to Carl G. Ackerlind, 
of the Naval Research Laboratory, for his help in 
developing the chilling mixture, and to T. L 
Stivers and J. Maltz, metallurgists of the Naval Gun 
Factory, for preparing the samples and examining 
them microscopically. (~) 


Fig. 1 — Structure of Aluminum, 5% Silicon Alloy Cast in Sand (Block A) and in Graphite 


Volding Mixture (Block B). The blocks are 3 x 3 x 3 in.; micrographs are shown at 55 X 


Block A 


Cast in Sand 


Block B Cast in Graphite Molding Mixture 
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To conserve columbium, it is important to substitute Type 321 (titanium-stabilized) 
stainless steel for Type 347 (columbium-stabilized) wherever it can be done without 
sacrifice in performance. Extensive experience shows no difference in service behavior 
between Types 321 and 347 in aircraft components operating up to about 1500° F. 
In fabrication and initial cost, there are definite advantages in using Type 321. 





Conservation 


of Columbium 





ome 


o THE INCREASING DEMAND for columbium as a 
stabilizing agent for stainless steel and as a 
strengthening addition for many of the new high- 
temperature alloys has reduced our national stock- 
pile to an extremely critical level. In the event of 
war and the consequent acceleration in demand 
for jet engines the national reserve would prob- 
ably be exhausted within several weeks. An addi- 
tional factor contributing to the shortage is the 
recent reduction in the allocation to this country 
of the columbium-rich African ores which have 
been our major source of supply. It is therefore 
imperative that any application of columbium- 
bearing alloys be rigidly examined to determine 
whether alloys containing less strategic materials 
could be substituted without sacrifice in per- 
formance. 

By far the greatest tonnage of columbium is 
used for stabilizing the austenitic stainless steels 
to prevent loss of corrosion resistance after expo- 
sure in the range of about #00 to 1500° F. In this 
application sufficient columbium is added to com- 
bine with the carbon present and prevent its 
co-precipitation with chromium at the grain 
boundaries during welding and other periods of 
“sensitizing” range. The amount 
added must be greater than about eight times the 
carbon content and is usually less than 1% of the 
alloy. The most important alloy in this class is 
A.LS.1. Type 347, which contains about 18% chro- 
mium, 11% nickel, and columbium equal to about 
ten times the carbon content. 


exposure in the 


The next largest use for columbium is the 
comparatively new group of alloys developed pri- 
marily for service in gas turbine power plants 


where high strength is required at temperatures 
of about 1500°F. In this application columbium 
in amounts up to about 5% has been found 
extremely beneficial to high-temperature proper- 
ties. For example, $-816, a cobalt-base alloy which 
contains 4% columbium, has been adopted as the 
standard turbine blading material for the J-33 and 
J-35 jet engines because of its superior service life 
at the operating temperatures. Columbium must 
be available for this class of alloys because no 
other materials are presently available that can 
equal their performance in applications at 
extremely high temperature. 

One solution that has been suggested is the 
increased use of the leaner South American ores 
containing tantalum as well as columbium. From 
these ores a ferro-alloy is produced which contains 
approximate!y equal amounts of columbium and 
tantalum. Recent investigations of standard alloys 
made with this substitute mixture of stabilizing 
elements have shown that the properties studied 
in laboratory tests are not appreciably affected. 
Although there is little information available as to 
the behavior of the material in service, Aeronau- 
tical Material Specifications have recently been 
amended to permit use of stainless steel stabilized 
with tantalum and columbium. 





By John F. Tyrrell 
Research Metallurgist 
Solar Aircraft Co 
Sen Diego, Calif 
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An alternate solution which seems obvious 
but is often overlooked is the use of titanium- 
stabilized steels such as A.1.S.1. Type 321 in place 
of columbium-stabilized steels. The behavior of 
Type 321 stainless is well known, both in fabrica- 
tion and service. It is true that in some applica- 
tions, particularly in the chemical process 
industries, Type 321 is unsatisfactory because of 
its relatively low resistance to corrosion in specific 
chemical mediums such as nitric acid. In aircraft, 
however, there are many components in which 
both Types 321 and 347 have been used inter- 
changeably without any significant differences in 
service life. By discouraging the use of Type 347 
for such applications a large amount of columbium 
would be saved; furthermore, significant produc- 
tion economies would be realized, because Type 
321 is cheaper, easier to form and often easier to 
weld. 

During the last twenty years Solar Aircraft 
Co. has manufactured more than 400,000 exhaust 
manifold sets for aircraft engines. These sets 
operate in the range 800 to 1500° F., and the vast 
majority of them were made of stabilized stainless 
steel, often with A.LS.I. Types 321 and 347 speci- 
fied as alternate materials. For units in which 
Solar Aircraft was permitted to specify the alloy, 
Type 321 has usually been chosen. The reason for 
this selection is shown in the following summary 
of the comparative fabrication characteristics, 
engineering properties and service behavior of the 
two steels. 


Welding Characteristics 


Both alloys have been welded by virtually all 
production methods and, on equivalent sections, 
comparative weldability depends essentially on the 
welding method. In resistance welding, either 


Fig. 1 


eS 


spot or seam, there is apparently no significant 
difference between the two steels. Current input 
and pressure settings are exactly the same for the 
same gage of sheet. Mechanical properties as 
measured by tension-shear tests show no 
difference. 

In fusion welding by the inert-gas-shielded 
are process, Type 321 (Ti) has been found equal or 
superior to Type 347(Cb). The most significant 
difference is in the rate of welding that can be 
maintained in production in order to make weld- 
ments of consistently high quality. In manual 
welding by this process, an average welder can 
produce about 300 in. more per day on welded 
seams with Type 321 than on equivalent sections 
of Type 347. 
sional heat of Type 347 in which the welding rate 


A greater disadvantage is the occa- 


must be decreased to about one third the custom- 
ary speed in order to prevent weld cracking. Of 
even more importance is the amount of weld 
repairing required on Type 347, which averages 
about five times as much as on Type 321. 

In automatic machine welding by the inert-gas 
process, welding rates for Type 321 average 150% 
faster than for Type 347 for the type of parts Solar 
is currently welding. Recent experiments showed 
that under equivalent welding conditions (admit- 
tedly more severe than is advisable for production) 
about 50% of the Type 347 heats had to be welded 
at speeds less than 10 in. per min. with extremely 
close control of current required to prevent crack- 
ing. The difference in the two materials seems to 
be related to variation in chemical composition 
within the range normally specified and possibly 
to the content of unspecified minor elements. The 
exact effect of variation of each of the elements on 
weldability has not yet been accurately determined. 

For weldability tests a flat copper back-up bar 
with a 0.010 x 3,-in. groove is used. The welding 


Representative Stampings of Titanium-Stabilized (Type 321) and Columbium-Stabilized 
(Type 347) Stainless Steels, Illustrating Comparative Formability Under the Drop Hammer. This 
shroud for an exhaust manifold could not be produced from Type 347, but could be formed from Type 321 
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Fig. 2 — Cylindrical Cups Illus- 
trate Maximum Depth of Draw 
Possible Without Annealing, for 
Types 321 (Ti) and 347 (Cb) 


generator is a General Electric 
Type W.D. 3150-C and helium gas 
is used for shielding the are. 
Clamping pressure for the standard 
0.063 x 6 x 6-in. specimen is 50 psi., 
which is sufficient to insure no 
movement of the pieces during 
welding. 

To make a weldability test the 
machine is set at 25 in. per min. 
travel speed with just enough cur- 
rent to obtain complete penetration. 

If cracking occurs in the weld at 

this setting, the current and travel speed are 
reduced in steps until a rate of travel is reached 
that will produce satisfactory welds. If cracking 
does not occur at 25 in. per min., current and 
welding speed are increased until cracking does 
occur or until the top speed of the machine (50 
in. per min.) is reached. At 50 in. per min. welds 
are made with current increasing in 5% steps 
until cracking occurs or an increase of 25% over 
the optimum setting is reached. Materials which 
do not crack in this part of the test are classed as 
having “good weldability”. All of the Type 321 
heats and only about one heat in five of the Type 
347 are so classified. 

In metal-are welding, the Types 321 and 347 
sheet are each welded at the same rate in produc- 
tion. The Type 347 sheet also shows the same 
tendency to develop “hot short” cracks as in the 
inert-gas process but the difference in weldability 
is not so marked, primarily because Type 347 filler 
rod is used for both alloys. Type 321 rod is not 
used because the extremely heavy loss of titanium 
on melting might result in the deposition of an 
unstabilized weld deposit. 

Fur oxy-acetylene welding, the scheduled pro- 
duction rates of Types 321 and 347 are the same; 
however, the average speed with Type 321 is 
actually slightly lower because of an occasional 
heat which must be oxy-acetylene welded at about 
half the normal rate. Solar’s experience, as 
reported by F. H. Page,’ is that the poor weld- 
ability has been due primarily to silicon content 
below 0.50%. Most of the stainless steel produc- 
ers now furnish Type 321 with silicon content in 
the range 0.50 to 0.75% so that the occurrence of 
material with poor weldability is not so prevalent 
as it used to be. 


IReferences are on p. 68. 


Another factor that affects gas weldability is 
the flame adjustment used by the operator. Type 
321 should be welded with a flame as nearly neu- 
tral as can be maintained, whereas Type 547 is 
normally welded with a more reducing flame. 
Much of the difficulty reported in the welding of 
Type 321 seems to be due to improper flame 
adjustment rather than any deficiency in the alloy. 


Forming 


One of the major considerations in the design 
of aircraft components is the problem of obtaining 
maximum thickness of section with a minimum of 
weight. In order to accomplish this on the com- 
plex stampings required in exhaust manifolds, it 
is necessary to place a limit on the amount of 
localized thinning permissible during the forming 
operations. At Solar Aircraft, the maximum thin- 
ning acceptable is 30% of the initial thickness and 
is usually held to less than 20%. For complex 
stampings, it has been found that the rate of rejec- 
tion for excessive thinning is approximately twice 
as much for Type 347(Cb) as for Type 321 (Ti). 
In addition, there have been many stampings that 
could not be produced from the columbium- 
stabilized, grade but were formed successfully from 
Type 321. For example, Fig. 1 shows typical 
stampings of the front shroud for the Lockheed 
P-38 exhaust manifold. It could not be produced 
from Type 347 as originally required, but could 
be formed from Type 321. 

An extensive investigation’? conducted recently 
showed that Type 321 can be deformed about 5% 
more than Type 347 before localized thinning 
occurs in drop hammer forming. In deep drawing 
operations Type 321 can be drawn about 10% 
more than Type 347, as shown in Fig. 2. 
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Fig. 3-— Small Aircraft Components Cast 
Successfully From Type 321 Stainless Steel. 
Mechanical properties are comparable to 
those obtained with Type 347 stainless 


sile strength of coupons cut from bar stock of 
each of the alloys, between room temperature 
and 1500° F., as reported by a number of differ- 
ent laboratories.** 

Comparative data on sheet stock are not so 
readily available, but tests have recently been 
conducted at Solar for selected heats representa- 

Sand Casting tive of material currently being furnished by the 
major stainless steel producers (Tables I and II). 
It is apparent that the difference is not significant 
and that Type 321 or Type 347 sheet could be used 
interchangeably in this range if strength were the 


Castings of stabilized stainless steel are almost 
invariably made from Type 347 because of the 
loss of titanium from the moiten steel. Several 
experimental heats of Type 321 have been made 
at Solar Aircraft Co., and the results indicate that 
successful castings can be produced if some modi- 


sole determining factor in selection. 


fications are made in the alloying practice to off- 
set the high titanium loss. Large castings can be 
made without too much difficulty by making alloy 
additions in the ladle. With the time required to 
pour small complex castings, however, the “fad- 
ing” of the titanium content has resulted in a 
marked composition variation between the first 
and last casting poured. Solar’s practice has been 
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modified so that successful Type 321 castings have 





~ 800 ~ 1200 
chemical composition and mechanical properties Temperature, °F 

of the casting were comparable to those obtained 
with Type 347, as shown below: 


been made of the small units shown in Fig. 3. The 400 


Fig. 4-- Comparison of Tensile Strengths of Types 
321 and 347 Bar Stock at Elevated Temperatures. 
Each point represents the average of data reported 
by several different laboratories (Ref. 3 to 8) 


os Mw P S Si Cr Ni Ti 
0.044 1.15 O.014 0.005 0.92 20.05 9.36 0.24 


YS r.S. R.A. ELONGATION 
37,500 79,000 54% 53% (2 in.) : 
12.000 77.500 61 58 Creep — Above 800° F. the load-carrying ability 
38,000 77,500 63 57 





for design purposes is based on resistance to creep. 
For short periods of time and lower temperatures 
Engineering Properties Type 347 is generally reported to be slightly supe- 
rior to Type 321. However, the scatter of results 
The major engineering properties on which obtained from samples of the same type of mate- 
design is based are the load-carrying ability at the rial indicates that this difference may be insignifi- 
service temperatures, the thermal 
expansion characteristics, den- 
sity, thermal conductivity and Table |— Compositions of Sheet Specimens Used 
resistance to corrosive attack in in Short-Time Tensile Tests 
the service environment. At 





Type Heat y P S Si 
temperatures less than about 


800° F. the load-carrying ability 321 0.07 0.023 0.008 17.12 
is designed around the yield $21 0.05 1.48 0.027 | 0.010 18.32 
strength or tensile strength, as = O58 | 54 6.625 | 6.016 1756 
creep is not a significant factor 347 0.06 | 1.72 0.024 | 0.009 17.88 


‘ : 347 : 05 022 ' 7.5 
in these alloys in this range. 347 : _— pryperedl he oie 7 od 
. 347 : 0.04 1.25 0.015 0.006 17.60 





Figure 4 shows the average ten- 
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cant for design purposes. Comparative creep Table I1—Comparison of Tensile Strength and 
strengths as reported by five different reliable Elongation of Sheet Specimens at Elevated 
sources*® * 5% 1 are listed in Table IIL. The wide Temperateres 

range reported for different samples of the same For compositions, see Table I 

alloy indicates that any difference between Types 
347 and 321 is probably insignificant. 





Type 321 (Ti) Type 347 (Cr) 
Other factors of major importance in deter- No. Tensite ELone. No. Tensite | Exons. 
mining suitability for service in aircraft compo- 
nents operating in this range are density, thermal 
expansion, thermal conductivity, and resistance to 
oxidation and carburization. There is no measur- 


Tested at Room Temperature 
88,200 47% D-1 87,700 
88,000 47 D-2 865,600 
- 89,200 48 E-1 85,600 
able difference between the two alloys in the first x 89,200 49 4 85,600 
three properties; however, limited data available 3 90,300 48 P 91,700 
indicate that Type 321 is about 50% more resistant i 91,000 is F-2 92,700 
than Type 347 to oxidation and oxidation plus 68,200 $8 Ave aes 
carburization at 1300°F."' The rate of attack is Tested at 100° F. 
low, however, and the service life of aircraft com- : 500 36 D-3 67,500 
ponents should not be affected appreciably. oa > : : sane 

Oxidation — Above 1500° F. the strength of 100 37 4 66,800 
both alloys decreases rapidly and their applica- “ 300 38 F-3 68,800 
tions should be limited to units in which stresses y 18,600 38 F-4 69,200 
are extremely low. The primary consideration in 200 37.0 Ave 67,600 
selection of the proper alloy is the relative resist- Tested at 600° F. 
ance to oxidation. Tests conducted at Solar have : 65,100 30 D-5 64,800 
shown that Type 321 is about twice as resistant to 65,900 32 D-6 65,000 


on a eaq : : 67,500 35 E-! 63,500 
: Sol : > ¢ ; 

oxidation at 1850°F. as Type 347 in 400 hr. of 67.000 93 63.900 

66,200 33 F -5 65,800 

periods of exposure as shown in Fig. 5. These , 66,400 33 * 65,600 


arene eg ENE 


exposure. The difference is even greater for short 


data were obtained on samples exposed to the Avg. 66,400 32.7 64,800 
atmosphere in an electric furnace for 25 periods Tested a 
of 16 hr. at temperature followed by 8 hr. at A- 64,100 31 63,800 





room temperature. 63,900 28 63,600 
65.700 33 , 61,900 
. : 65,700 33 62,300 
Chemical Composition - 64,800 31 63.200 
64,700 32 -§ 64,200 

The substitution of Type 321 for 347 would 64,800 31.3 Ave 63,200 
save not only the columbium but a significant 
amount of nickel, which also would be a critical 


Tested at 1000" F. 

58,700 30 D-9 60,800 
alloying element in an emergency. In addition a 58,500 27 D-10 59,900 
small saving of manganese would be obtained, as : 61,000 31 E-9 99,100 
indicated by the results of a statistical analysis 61,300 30 E 10 58,900 

z 7 60,700 30 r.9 99,300 
60.500 31 F-10 59,900 
60,100 29.8 Ava 59,700 


of the chemical composition of all Types 321 and 
347 sheet stock received by Solar in 1949 from the 


major stainless steel producers. The average 














analyses for the two alloys were found to be: 
No. OF 

Attoy Heats C MN Si Cn Ni Table Ill — Initial Stress to Produce Creep Rate 
77 0.055 1.35 0.58 17.85 1041 0.51 Ti of 0.0001% Per Hr. 
87 0.054 1.57 0.50 18.01 11.25 0.78 Cb : 

‘ ' te th th ' TeMPen 1 AVERAGE RANGt 
Ue. t is interesting to note that the average heat aTUAS vPr Vase Resocaras 
of Type 321 contains about 140% more titanium 





than is necessary to stabilize the carbon present, 1100° F s. 15,800 psi. = 12, 800-21 ,000 
an 947 e 00 347 5 3,500-27 000 
while the Type 347 contains about 85% more be 18,500 13,509-37, 


columbium than the minimum theoretical require- 1300 3 7,900 4,500-12,500 
‘ 


1300 400 4,600-16,000 
ment. 


The content of minor elements has not been soee w " 3,608 150-10,000 
1500 34 3,800 1,0000-11,200 








studied as completely but spot checks indicate that 
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Fig. 5 


Curves Show Oxidation Characteris- 


tics as a Function of Total Duration of Expo- 


Type 347 
Wt. Loss, 2.335 g. 


the only other significant differences in composi- 
tion are that Type 321 contains approximately one 
third as much nitrogen and about 50% 
phosphorus than the Type 347 material. 


more 


Service Behavior 


The engineering properties summarized above 
indicate that there should be no significant differ- 
ence in service behavior between the two alloys. 
Solar’s experience has indicated that the titanium- 
stabilized alloy will give satisfactory performance 
in reciprocating engine exhaust systems, jet tail- 
pipes, exhaust cones, aft frames, outer combustion 
chambers and other parts operating under about 
1500° F. 
the DC-4 exhaust system, constructed by Solar 
from Type 321 material, have completed over 
3000 hr. of service in an application for which the 
guaranteed life is 300 hr. 


For example, at least six engine sets on 


The original B-29 exhaust system was fabri- 
cated from Type 347 and did not have a satisfac- 
tory service life. Later the system was redesigned 
by Solar and both Types 321 and 347 were used 
with satisfactory service life. The improvement 


was, of course, due to the changes in design; 


can Society for Metals, 1948, p. 562. 
4. “Steels for Elevated Temper- 

ature Service”, United States Steel 9, 

Corp., 1949, p. 62. 

“Allegheny Metal 18-8C and 

18-8T”, Allegheny 
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severe operating conditions. 


Summary and Conclusions 


Columbium is in critical supply and it appears 
that much of it will have to be diverted from its 
use as a Stabilizing agent for stainless steel to the 
high-temperature required for turbine 
blades in jet engines. Two methods have been 
suggested to alleviate the situation: One is to 
replace 


alloys 


all columbium-bearing stainless by new 
containing additions of tantalum plus 
columbium in equivalent amounts; the other is to 
encourage the use of titanium-stabilized stee\s. 
Comparison of the properties of titanium and 
columbium-stabilized steels indicates that except 
for specific corrosive environments there is no 


alloys 


significant difference in engineering properties 
between the two materials. In aircraft and jet 
engine components operating at temperatures up 
to about 1500° F. there appears to be no difference 
in service behavior between Types 321 and 347. 
In fabrication characteristics and initial cost, there 
are definite advantages for Type 321. Se 
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The Burlington Road’s Denver Zephyr, the pioneering high- 
speed streamliner, a structure made of stainless steel trusses and 
sheathing, proves absolutely sound after mileage of 4,500,000 


Stainless Passenger Equipment 


Untouched by I3 Years 





Tue First of the high-speed trains popularly 

known as “streamliners” was put into oper- 
ation by the Burlington Route in October 1934 on 
a 502-mile daily round trip between Lincoln and 
Kansas City. It was an instant success. Patron- 
age doubled, operating costs were cut in two, profit 
jumped from $36 a day for the old heavy steam 
train to $440 a day for the new lightweight one. 
Consequently two much more elaborate trains 
were built in 1936 and put in service, running in 
opposite directions between Chicago and Denver, 
making the 1037-mile journey between 4:00 P.M. 
and 9:00 the next morning. The time had been 
cut from 26 hr. to 16 hr., the average speed 
increased from 40 miles per hr. to 65. 

E. J. W. Ragsdale, research engineer for 
Edward G. Budd Mfg. Co. (now The Budd Co.) of 
Philadelphia, the builder, described the construc- 
tion of these Burlington “Zephyrs” in Chapter 21-E 
of “The Book of Stainless Steels”. Each car is a 
large tubular beam with members fabricated of 
cold rolled 18-8 steel sheet and strip; the roof is 
the main compression member, the floor is the 
main tension member, the shear is taken by the 
trussed side skeleton The side sheathing is 
merely a covering.) Every detail was most care- 
fully designed; the roof, for example, is of cor- 
rugated 0.022-in. metal, yet a man can walk on it 
safely. All joining was by Budd's exclusive “shot- 
weld” process (spot welding under rigidly con- 
trolled conditions to limit size of weld nugget) 

As Ralph Budd, then president of the Burling- 
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ton Lines, said: “Such a train could not have been 
built without advanced metallurgy as typified by 
18-8 sheet, cromansil welded engine frames, roller 
bearings, lightweight diesel engine, and crumpled 
aluminum insulation.” Economics indicated, 
indeed, that something radical was necessary to 
justify the substitution of stainless at 45¢ per lb 
against carbon steel at 3¢ 
remarkable, don't they?) Ragsdale put it this 
way: “Even granting that stainless is three times 


1934 prices sound 


as strong as carbon steel and therefore needs only 
one third the weight, the greatest portion of the 
saving comes in the power plant. Train perform- 
ance is a function of motive horsepower per ton, 
and the diesel-electric plant ordinarily installed 
costs about $100 per hp. In trains made of stain- 
less steel, such as the well-known Burlington 
‘Zephyr’, the rating is 6 hp. per ton of light train 
weight. This brings the cost of the initial invest 
ment in power plant up 30¢ for every pound of 
train. Stated in another way, stainless steel plus 
power plant to haul it costs 45¢ plus 30¢ or 75¢ a 
Ib. Equivalent carbon steel plus power to haul it 
costs 3(34 30) or We 

“Then, finally, it is surprising to learn that 
in the stainless steel ‘Zephyr’ weighing 208,000 Ib., 
only 46,000 Ib. of stainless was used; 22% by 
weight and 8% by cost. 

“The fight against needless weight cannot be 
confined to the structure of the car body alone, It 
must be carried into every department. Conven- 
tionally built passenger cars give, roughly, one 
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Fig. 1 May 1936, in Budd's Philadelphia Plant; 
Outside View of Side Truss Members on One Car for 
the Denver Zephyrs. Shot welded construction of 
18-8 strip, cold drawn to 150,000-psi. tensile strength 


third the total weight each to car body, appoint- 
ments and trucks. Approximately this same pro- 
portion obtains in the case of lightweight trains, 
exclusive of the power plant. 

“Reduced weight of appointments reduces in 
turn the body structure, and both reduce the 
required truck weight. Since trucks remain more 
or less conventional, saving is accomplished chiefly 
by articulated trains, wherein adjoining car ends 
are pivoted over a common truck. Thus, three 
cars employ four trucks instead of six.” 

Such was the original conception. In opera- 
tion, the trains were instant successes. The era of 
high speed railroad transportation had come. 
Railroads all over America quickly followed suit. 
Streamliners are now no novelty. Their speed, 
air-conditioned comfort, safety and economy have 
brought passengers back to the rails, and have 
been major factors in withstanding competition by 
automobile, bus and airplane. 

But to the railroad man the most revolution- 
ary of all the items was the construction of a cat 
with undiminished strength, made of steel only a 
few hundredths of an inch thick paper thin 
Could it endure? The final answer came a few 
months ago when these trains, each a veteran of 
more than 4,500,000 miles of travel, were run into 
the Aurora shops, and stripped for inspection, 
reconditioning, and redecoration. This was their 
first major overhaul. The “Denver Zephyrs” still 
looked bright and shiny on the outside; how about 
the hidden members, the basic structure? 

There was no evidence of corrosion of any of 
the stainless steel members at any place. The shot 
welds when first made are marked by slightly 


bronzed spots from the welding heat. This quite 


< 


ld 


Fig. 2 — October 1949, in Burlington's Aurora Shops, 
13 Years and 4,500,000 Miles Later; “ Indistinguish- 


able From New Construction’’. (Inside view) 


superficial oxidation was somewhat intensified in 
color, but still represented an infinitesimal amount 
of metal. The smudge of dirt accumulated in 13 
years was easily rubbed off, leaving metal bright, 
smooth and shiny as ever. 

In contrast, carbon steel details, such as filler 
strips, partitions, conduit and junction boxes, were 
so badly corroded as to need complete replacement. 
Stainless steel water tanks were reinstalled after 
inside and outside cleaning; there was nothing the 
matter with them. H. Urbach, general superin- 
tendent of motive power and machinery of the 
Burlington Lines, writes, “There was no way of 
telling the basic structure from new construction.” 
Only two small cracks were found in door sills in 
the baggage car but ean anything withstand the 
baggage smasher? 

New glass-wool insulation was compressed 

into all spaces in the outer walls, the floors raised 
2'2 in. to give better visibility from side windows, 
kitchens modernized with automatic equipment 
stainless, of course), draft gear parts rebuilt or 
replaced to take up slack, trucks dismantled and 
re-erected, roll stabilizers (shock absorbers) 
installed. Also the old paint in the interior was 
stripped off and a complete job of redecorating 
and re-upholstering done. Again to quote Mr 
Urbach, “We now have two new trains, just as 
modern by today’s standards as they were on the 
first day they started operation, at a fraction of 
the cost if bought now.” 

The Budd Co., long claiming that “No Budd 
ear has ever worn out,” now adds: “These cars 
approach what has always been considered an engi- 
neering impossibility a permanent structure.” 

\ pardonable short-range extrapolation! ) 6 
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Fig. 3 4 Rub of the Finger, Off Comes 
the Smudge. Underneath is bright stainless 





Heating Diesel-Powered 


Passenger Trains 





By E. A. Russell 
Vice-President Engineering 


Vapor | leating Corp Chi ag 


Bp WHEN TRAINS were hauled by steam engines 
there was usually enough steam for han- 
diing and heating of the cars. Steam from the 
locomotive is directed into a trainline under the 
cars, automatic valves reduce the steam pressure 
and thermostats control the amount entering the 
fin radiators in the cars. But now-a-days, with 
diesel locomotives, a very special type of oil-burn- 
ing steam generator is installed. Standard equip- 
ment for this duty is the compact “Vapor” steam 
generator, notable not only for its small size 
(6x4x6% ft.) but the wide range of modern 
metals and alloys used in its construction. These 
units can get up full steam pressure in two min- 
utes from cold water and a medium size one 
evaporates ‘2 to I's tons of water per hr. Two 
of these can be installed in one diesel and heat a 
I4-car train in a Nebraska winter. Heat is liber- 
ated in the firebox of these generators at an 
extraordinary rate, comparable to a jet engine, 
but used so efficiently they operate at over 80% 
efliciency. 

Examination of the wash drawing Fig. 4 and 
its caption will indicate the interrelation between 
metallurgy and passenger comfort. One electric 
motor supplies the ignition spark, drives the fuel 
pump, the blower for combustion air, and the 
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water pump. Fuel oil is atomized by compressed 
air, and meets a swirling rush of combustion air. 
The fire pot is of welded 16-gage Inconel sheet; 
the triple-wall construction forms a double jacket 
through which the combustion air travels, getting 
preheated and simultaneously keeping the temper- 
ature of the inner pot down to a safe 1000 to 
1200° F, The lower part of the firebox is lined 
with molded silica refractory tiles. 

This swirling flame then works outwardly 
through the three banks of water tubes. (The 
drawing gives the erroneous impression that a 
crimped diaphragm separates successive coils; 
really these are short stainless steel sinuous strips, 
spot welded to a tube on one end only, and insure 
proper spacing, tube to tube, irrespective of tem- 
perature.) Passing upward, the flue gas contacts 
a fourth coil of tubes K, the economizer, contain- 
ing the water entering the system. (Water and 
flue gas move counter-current.) This coil is made 
so it can be readily replaced, because most of the 
corrosion occurs in this place —— internal pitting 
as the cool feed water gives up its dissolved oxy- 
gen, and external corrosion from acidic condensate 
from the stack gases. 

The water tubes are of seamless carbon steel 
boiler tubes, 1% to % in. internal diameter, 
welded end to end in straight runs before coiling 
over drums. After complete fabrication, the set is 
stress relieved for 6 hr. at 1150°F., and tested 
hydraulically at 1200 psi. (Operation is at 300 psi.) 

In a unit which evaporates so much water as 
this, the problem of boiler seale immediately 
comes to mind. This is avoided by three means. 
In the first place the water supply is treated chem- 
ically to prevent it from forming an adherent 
scale; the solids come down as a granular sludge 
In the second place, the flow of water and the 
evaporation rate are balanced so the heater pro- 
duces a wet steam 95% steam, 5% water. In 
the third place, a steam separator by swirling 
action then delivers practically dry steam to the 
trainline, and a sludgy liquid to the sump from 
which most of the water is returned to the supply 
tank, and the muddy solids blown off automatically 
at proper intervals 

Since the device is completely automatic, a 
rather large group of special alloys are used for 
example, nichrome wire in the ignition electrodes; 
stainless steel bodies, seats and springs on safety 
and stop valves; starting resistors and relays with 
magnetic iron frames, nickel-silver arms with 
tungsten contactors; gage snubbers of porous 
bronze, a powder metal part to absorb pulsations; 
servo-controls of corrosion resistant metals 
throughout, like stainless and monel; sludge blow- 
down valve and seat of stellite to resist scour; 
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temperature limit controls of bi-metals. In the 
oil burner, the spray nozzle tip is of hardened 
stainless steel, and the flame stabilizing cone is a 
28% Cr, 8% Ni casting. Copper, bronze and brass 
are the principal metals in pipe and fittings in 
contact with wet steam. 

Aside from the more-or-less conventional irons 
and steels (cast iron pump bodies, steel cabinet, 
forged shafting, seamless tubes, spring steel) there 
are no less than 24 special alloys in the mechanical 
auxiliaries, to say nothing of an unnumbered group 
in the electrical controls and interlocks bought 
complete from outside sources. Truly it takes 
modern metallurgy to make the streamliner go! © 


Fig. 1—- Phantom Drawing of Steam Generator for a 
Diesel-Powered Streamliner. (Courtesy Vapor Heating 
Corp.) A list of principal units and metals therein follows 


\ Starting resistor: nichrome 
B Belt tension adjuster; 
Aluminum sheaves, spring steel 
Blower; stainless steel ball bearings 
Oi! fuel pump; cast iron body 
Water pump; aluminum casing, bronze head 
Cast steel crankshaft 
Stainless steel plungers 
Meehanite cast iron gears 
Naval brass packing sleeves 
Lverdur fittings 
Oil nozzle, bronze 
Hardened stainless steel tips 
Cast 28:8 Cr: Ni flame cone 
Nichrome ignition electrodes 
Fire pot; Inconel 
Water coils; seamless, carbon steel 
Stainless steel spacers 
Economizer; seamless carbon steel tube 
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Test Bar Results Compared 
With Tests on Components 


Boston 

In his article in the March issue of Metal 
Progress, A. L. Boegehold has reached the conclu- 
sion that test results on specimens are unsuitable 
as a means of forecasting service performance. On 
the basis of our past experience we agree with this 
general conclusion and, in the light of the data 
presented, should like to add some amplification on 
this issue. 

Reporting fatigue strength for test bars is a 
relatively straightforward matter. Methods of test- 
ing and terminology for expressing results are 
fairly standard and results are therefore readily 
interpreted by the engineer and the metallurgist. 
The same is not true for the fatigue testing of com- 
ponents; results are a function of the particular 
test setup, and terms used in presenting results are 
a matter of choice to the test engineer. For these 
reasons alone, any correlation between tests on 
specimens and components becomes an oversimpli- 
fication unless the details of component testing, or 
interpretations of their effects, are reported. 

In Mr. Boegehold’s article, no mention was 
made of the device used in testing crankshafts. It 
may be presumed that the shafts were tested in 
either uniform or cantilever plane bending. At any 
rate, the geometry of the load system will influence 
the test failure pattern, particularly the location of 
the point of incipient failure. In turn, crankshaft 
fatigue strength will be quantitatively affected. For 
a more complete understanding of the value 
obtained, information on stress distribution during 
the test should be supplied 

Mr. Boegehold has reported crankshaft fatigue 
strength in pounds per square inch Prior to 
analysis it should be made clear what the reported 
crankshaft stress represents — nominal stress or 
peak fillet stress, measured or calculated stress, 


pin, journal or web stress. Numerically, fatigue 
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strength is primarily a function of the terms in 
which it is expressed. As an example we quote the 
following result of a bending fatigue test on a 
drop forged diesel crankshaft: 
FATIGUE 
Limit 

In Terms of: 

Max. Pin Fillet Stress 

Max. Journal Fillet Stress 41,800 

Pin Stress Adjacent to Fillet 19,000 

Pin Stress Midway Between Webs 7,000 

(Stresses were measured during the fatigue test 
by wire gages and later checked by photoelasticity.) 

While an understanding of the component test 
is fundamental to a correlation with the specimen 
test, such understanding complicates rather than 
solves the problem. Any analysis of data is now 
beyond the realm of evaluating (for the two test 
methods involved) primary effects of metallurgy 
and processing, and consideration must be given to 
secondary effects involving: 


49,000 psi. 


1. Notch sensitivity of the material. 

2. Size effect in fatigue. 

3. Exact location of failure zone in the test 
specimen referred back to the crankshaft from 
which the specimen was cut. 

4. Flow line pattern at the point of failure of 
test specimen, compared with flow line pattern at 
the point of failure of crankshaft. 

5. Mode of testing (rotary or plane bending). 

6. Surface finish of test specimens, compared 
with that of the crankshaft. 

With these complications it becomes imprac- 
tical and unreliable to investigate crankshaft 
strength through fatigue bar tests and, as was 
implied by Mr. Boegehold, recourse must be taken 
in component testing. 

It has been our experience that from the point 
of view of industrial research, it can be exceedingly 
dangerous to draw final conclusions from any com- 
parison involving either two types of laboratory 
test or a laboratory test and service conditions. 
There always exists the danger of the two experi- 
ments not paralleling each other, either along lines 
for which such parallelism has been taken for 
granted or in a manner too obscure to be recog- 
nized. Each of the two types of test can be applied 
most reliably singly for evaluating relative merits 
of several materials or processes. 

Effect of Flow Line Orientation on Fatigue 
Strength — Figure 7 of the subject paper indicates 
the marked difference in fatigue strength between 
longitudinal and transverse test bars cut from 
While this effect exists, the 
increased strength exhibited by the longitudinal 
specimens may be attributable partly to the fact 


cylindrical forgings 


that the longitudinal specimens were taken from 
the outer fibers of the forging, whereas the trans- 
verse specimens were cut from the center of the 


forging. It is the writer’s opinion that, for a true 
evaluation of the flow line effect, both types of 
specimen should have been taken from the same 
region of the forging. 

Nonuniformity in Drop Forged Crankshafts 
In Fig. 8 the scatter obtained in testing transverse 
specimens cut from many drop forged crankshafts 
is illustrated. The implied nonuniformity is non- 
uniformity of specimen fatigue strength, not 
necessarily of crankshaft fatigue strength. Consid- 
ering the macrograph of the crankshaft showing 
the location of the test specimens within the shaft, 
it will be seen that flow line orientation changes 
continuously throughout the region set aside for 
test bars. Thus any slight variation in location of 
critical section of the test specimens will contribute 
to the apparent scatter. 

In this connection, it is interesting to note that, 
of some 180 test points plotted, only 19, or roughly 
10%, fall outside a scatter band that is by ho means 
unacceptable for fatigue testing. Were all fatigue 
limit determinations carried out with 180 speci- 
mens, some of the specimens could be expected 
(from the statistician’s point of view) to give 
results which are out of line, regardless of 
the material, production process or test method 
involved. 

Quantitative Effect of Residual Stress on 
Fatigue Strength In evaluating “true core fatigue 
strength” of nitrided bars, Mr. Boegehold has 
resorted to the expedient of combining arithmet- 
ically the calculated residual stress with the 
fatigue limit of the nitrided specimen. Such pro- 
cedure is in contradiction to currently accepted 
theories on combined static and dynamic stress, of 
which the simplest is expressed in the familiar 
Goodman diagram 

Fatigue Strength of Nitrided 4340 Steel — Table 
IV of the paper reports results obtained with 
nitrided 4340 steel as found in actual crankshafts 
and in longitudinal and transverse R. R. Moore test 
bars 

For the crankshaft, residual stresses have been 
computed on the basis of calculations carried out 
We do not believe that resid- 
ual stresses can be computed for the point of fail- 
ure of the actual crankshaft. The geometry of such 


for cylindrical bars 


a shaft at the transition from web to journal or pin 
is such that even an experimental determination of 
residual stresses becomes exceedingly difficult. 

As regards the “fatigue limit stress due to 
externally applied load”, this figure is subject to 
the arguments presented in the first part of this 
letter; without further knowledge of the actual test 
it has little significance as an absolute value. How- 
ever, it is interesting to note that, in whatever 
terms crankshaft fatigue strength has been 
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reported, this strength has been increased some 
60% by nitriding. For evaluating the increase, the 
stress concentration factor for the point of failure 
should be known, as there exists some evidence 
implying that the strengthening caused by nitrid- 
ing consists chiefly of an obliteration of the effect 
of notches — that is, nitriding reduces notch sensi- 
tivity to zero. Any additional data on this point 
would be of considerable importance. 

The calculated residual stress and the afore- 
mentioned crankshaft fatigue strength have then 
heen combined to yield the “true fatigue limit” of 
the core. For the reasons stated, this figure is 
believed to be both inaccurate and of slight 
significance. 

For the test bar results in Table IV also the 
“true fatigue limit” has been obtained by an arith- 
metic addition of experimentally determined fatigue 
limits and calculated residual stresses. The order 
of magnitude of the resulting discrepancy, as 
referred to results obtained using the Goodman 
relationship, can be seen from the following com- 
parison of true fatigue limits for test bars with 
axial flow lines: 

By Table IV 115,000 psi. 
By Goodman Relationship 105,000 
(Determined utilizing a value of 155,000 psi. 
for tensile strength.) 


On the basis of the preceding arguments, it is 
seriously doubted that some of the conclusions 
drawn. from the tests are justified. It is also 
believed that the coining of a term such as true 
fatigue limit (the fatigue limit of a nitrided speci- 
men corrected for the residual stress) can be very 
misleading. This term represents a fictitious quan- 
tity, which for validity depends on an assumption 
that has not been proved: that the only effect of 
nitriding on the dynamic strength of steel is that 
produced by the residual stress distribution set up 


through the process 
H. J. Mater 


Project Engineer 
Lessells and Associates, Ine. 


Mr. Boegehold’s Reply 


Mr. Maier has asked for more information 
concerning methods used for testing crankshafts, 
and has confirmed our conclusion that component 
and test bar results are not comparable because of 
the many factors present in tests on components 
that are not present in tests on test bars 

The distribution of stress in the various parts 
of the crankshafts, according to our thinking, has 
no important bearing on the fatigue limit of the 
material at the point of failure. Mr. Maier’s table, 
giving a fatigue limit of 7000 psi. at some place in 


the pin where fatigue failure does not occur, seems 
to have little relation to the question. 

The crankshafts discussed in the paper were 
tested in plane bending, and the stresses given for 
fatigue tests shown in Fig. 5 were determined at 
the exact ,, in. where fatigue failure began — that 
is, in the fillet between the journal and web. The 
stress was determined by means of a strain gage 
capable of measuring strain between gage marks 
fy in. apart. The stresses for the fatigue limit, 
therefore, are actually measured, as are the stresses 
given for the test bars, in which the stresses were 
both calculated and measured by means of the 
same strain gage. The values in Fig. 5 then are not 
nominal stress, measured or calculated, pin, journal 
or web stress. They are values for actual fillet 
stresses at the location where fatigue failure takes 
place. 

Our experience gained in drawing conclusions 
from laboratory component testing as a means of 
selecting materials and heat treatments for the 
components to be then tested under service condi- 
tions has never been associated with any element 
of danger. As a matter of fact, this process has 
produced excellent results. It is now generally 
taken for granted that laboratory tests, to be useful, 
must correlate with service tests. Therefore, we 
do not agree with Mr. Maier’s statement that “each 
of the two types of test can be applied most reli- 
ably singly for evaluating merits of several mate- 
rials or processes”. 

Effect of Flow Line Orientation on Fatigue 
Strength The increased strength exhibited by the 
longitudinal specimens was not partly the result of 
the specimens being taken from the outer fibers of 
the forging. Similar tests made on specimens cul 
from 5'4-in. square stock which permitted trans- 
verse specimens to be cut from near the surface 
showed just as much difference in fatigue limit as 
when compared with longitudinal specimens cut 
from near the center of the 5',-in. square section 
These tests were made on both transverse and 
longitudinal specimens taken from the surface, 
center, and midway between the surface and center. 
As a matter of fact, the greatest difference between 
longitudinal and transverse properties occurred 
not at the center but halfway beween surface and 
center 

Nonuniformity in Drop Forged Crankshafts 
The statistician’s viewpoint which regards every- 
thing as normal, uniform, and satisfactory, even 
when 10° of the points are considerably out of 
line, is not one that would promote safety of auto- 
motive vehicles. It is assumed that Mr. Maier refers 
to the 19 points on the low side of the band in 
Fig. 8. In service performance we do not disregard 
the small percentage of results that fall on the low 
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side of the expected band. In fact, those are the 
ones that control our whole attitude and efforts 
Contrary to the statistician’s attitude, we regard 
only minimum values as being significant for 
indicating frequency of expected failures. 

Quantitative Effect of Residual Stress on 
Fatigue Strength — The arithmetic combination of 
calculated residual stress with the fatigue limit of 
nitrided specimens is merely an approximation to 
indicate that the material below the surface with- 
stood higher stresses than indicated by the nominal 
surface stress. The Goodman diagram is another 
method of approximation but were the Goodman 
diagram figures used instead, the conclusion is still 
the same —— specifically, that the material, clad with 
a nitrided case, endures considerably higher stress 
than is indicated by the nominal surface stress. 
Having seen how far from actual facts can be the 
figures obtained by calculating from a formula, I 
lose some confidence in the Goodman diagram as a 
more accurate approximation than the simple arith- 
metic method. 

Fatigue Strength of Nitrided 4340 Steel 
Again, the assumption that the residual stress in 
the crankshaft core just below the nitrided case is 
similar to that calculated for a cylindrical shaft is 
another approximation, which merely indicates the 
direction of component stresses. Regardless of the 
precision of stress determination, the conclusion is 
still obvious that the increased resistance to fatigue 
is the result of compressive stresses in the nitrided 
case preventing failure from occurring any place 
in the nitrided case. It is true that, as Mr. Maier 
says, an exact evaluation of the stress responsible 
for failure should include the effect of stress con- 
centration. At a point 0.015 in. below the surface 
of the fillet between cheek and journal there would 
still be some stress increase due to the stress-raising 
effect of the fillet. The total stress, therefore, 
would be higher than at a similar distance below 
the surface in a cylindrical specimen so that an 
approximation of stress based on a_ cylindrical 
member would be on the conservative side. 

The question as to whether the inherent fatigue 
resistance of the nitrided case is partly responsible 
for failure originating at a point not within the case 
was not settled. We know, however, from other 
tests that when the core of a nitrided test specimen 
is too small to maintain compressive stress in the 
nitrided case, failure occurs in the case itself at 
relatively low stress, showing that the inherent 
fatigue resistance of the nitrided structure is not 
appreciably greater than that of the core material 
That is the evidence which convinces us that com- 
pressive stress must be present in the nitrided case 
to obtain the high fatigue resistance exhibited by 
nitrided crankshafts 
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Residual Stresses 
in Chromium-Plated Steel 


Wasurneton, D, C. 

In his recent articles in Metal Progress {| Feb- 
ruary and March),-A. Boegehold demonstrated 
that tempering a quenched steel does not always 
decrease the residual stress, but may increase it. 
A similar effect may be obtained in the chromium 
plating on steel when it is “baked” to expel 
hydrogen that is deposited with the chromium, 

Recent tests at the National Bureau of Stand- 
ards have shown that the fatigue limits of steel 
specimens heated after plating first decrease and 
then increase with increased baking temperature, 


as shown in Fig. The decrease in fatigue limit 


100 eo ae 
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Fig. 1 Effect of Baking Temperature on the 
Fatigue Limit of Chromium-Plated X 4130 Steel 


was correlated with increased tensile stresses 
induced in the chromium plate by low-temperature 
baking 

In order to show the presence of tensile 
stresses in electrodeposited chromium and_ the 
effect of baking on these stresses, thin-walled 
tubes of annealed steel were chromium plated and 
subsequently heated to different temperatures. 
“Tongues” — strips about ~, in. wide and 2 in. 
long, with one end left attached were then cut 
in the tubing (Fig. 2) to permit a qualitative 
evaluation of stresses in the chromium plate. 

Tongues cut in plated tubing that had not 
been heated bent slightly outward, indicating 
residual tensile stresses in the plated layer. Baking 
the plated tubes at temperatures around 400° F, 
increased the tensile stresses further, as shown by 
greater bending of the tongue away from the tube 
surface. This result has been clarified by experi- 
ments showing that electrodeposited chromium 
subjected to a heating and cooling cycle increases 
in density and thereby contracts. The steel tends 
to restrain the shrinkage of the chromium layer 
and thereby increases the tensile stresses in it. 

If the chromium plated steel is heated to a 
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Fig. 2— (A) Top View of Tube Showing Tongue. 
(B) Tube plated, heated at 390° F., and tongue 
subsequently cut. (C) Tube plated, tongue cut, 
and tube subsequently heated at 390° F, (D) 
Tube plated, heated at 825° F. and tongue 
cut; a 4¢-in. ball bearing (indicated by arrow) 
is resting on the depressed surface of the tongue 


temperature above 750° F., the contractive forces 
in the chromium produce tensile stresses great 
enough to cause plastic flow or rupture of the 
plate and to relieve the residual stresses in it. 
Thus, when tongued tubes were heated above 
750° F., the free ends of the tongues were 
depressed below the surface of the tubes, indicat- 
ing a release of the restraint in the steel initially 
caused by residual tensile stresses in the chro- 
mium. This suggests that the increased fatigue 
limits produced in the fatigue specimens heated 
above 750° F. were caused by the relief of stresses 
in the chromium plate accompanying its plastic 
flow or rupture. 

These results are presented in greater detail 
in my paper “Effect of Chromium Plating on the 
Endurance Limit of Steels Used in Aircraft”, 
Journal of Research, National Bureau of Stand- 
ards, Vol. 43, Aug. 1949, p. 101. 

HuGu L. LoGan 
Metallurgist 
National Bureau of Standards 


Residual Stress and Fatigue Strength 


Los ANGELES 

The articles by A. L. Boegehold in the Febru- 
ary and March issues and by E. W. P. Smith in the 
April issue of Metal Progress emphasize the 
importance of residual stress in the fatigue 
behavior of heat treated steel parts. They also 
point to the need for more quantitative data so that 
a better prediction of the actual performance can 
be made. Two major difficulties exist when such 
a prediction is attempted. 

1. Along with the residual stress other changes, 
structural or physico-chemical, are generally 
induced in the heat treated parts. 

2. Under service conditions a redistribution of 
the residual stress is possible due to the applied 
load. 

At the University of California at Los Angeles, 
tests have been conducted in which the above two 
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factors have been controlled and the stresses meas- 
ured locally by means of the X-ray diffraction 
technique. Notched specimens (stress concentra- 
tion of 2.5) made from %-in. 61S-T6 aluminum 
plate have been tested. Both residual compressive 
and tensile stresses were induced at the notch by 
means of a small amount of overstressing which 
was believed to be insufficient to produce any 
The stresses induced were 
14,000 psi. as measured by the X-ray diffraction 


marked cold working 


method, and their magnitude was not significantly 
altered during cycling. 

It may be seen from the accompanying fatigue 
curves that an improvement of almost 100% in 
permissible stress and a fatigue life increased by 
10 times can be realized by changing the residual 
stress from tension to compression 

D. ROSENTHAL AND GEORGE SINES 
Department of Engineering 
University of California 
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Health Hazards 


in Metal Degreasing 





THE REMOVAL of grease from metal surfaces 

is one of the most important operations of 
metal cleaning. The following three methods are 
most often used for degreasing or for the combined 
operation of degreasing and removal of other sur- 
face contaminants: (a) alkaline cleaning, (b) 
acid cleaning and (c) solvent cleaning. 

The potential health hazards of degreasing 
are probably more diversified and spread through 
a wider segment of the population than is gener- 
ally appreciated. The process of degreasing is 
used in the home, offices, garages, and small and 
large industries. This discussion, however, is lim- 
ited to the potential hazards to health associated 
with metal degreasing in industry. 


Alkaline Cleaning 


Alkaline cleaning is particularly applicable 
for those processes in which chemically clean 
metal surfaces are desired, as, for example, elec- 
troplating. The choice of alkali and strength of 
solution depends on the kind of metal to be cleaned 
and the contaminants to be removed. The general 
tendency seems to be to use stronger solutions 
where greater cleaning action is desired. Alkalis 
that may be used are sodium hydroxide, sodium 
carbonate, sodium silicate, borax, sodium per- 
borate, trisodium phosphate and other alkali phos- 
phates, mixtures of the preceding, and others. 

Exposures potentially hazardous to health 
encountered in connection with the alkaline clean- 
ing operations are caused by: (a) dampness, 
which is not only the result of vaporization of the 
liquid as its temperature rises toward the boiling 
point, but also the drainage of excess liquid onto 
the floor near the tank as cleaned articles are 
removed, (b) alkaline vapors which may rise from 





the surface of the heated cleaning solution to enter 
the breathing zone of personnel, (c) splashing of 
the cleaning liquid with possible skin contact, and 
(d) careless handling of the dry powders or con- 
centrated liquid. With the exception of the last 
named exposure, the ones mentioned are found 
most frequeutly where cleaning is carried out in 
open tanks or by the use of steam guns. In 
enclosed cleaning systems, as found in washing 
machines, considerable control of exposures is 
inherent in the design of the machine. 

Exposure to constant dampness may cause a 
disturbance of the skin and circulation, causing 
contraction of blood vessels with blanching of the 
skin and a decreased blood supply to the parts 
exposed. A continuous exposure resulting from 
walking on wet floors may result in a condition 
similar to “trench foot”. 

Prolonged exposure to strong alkaline solu- 
tions and mists also causes dermatitis and irrita- 
tion of the respiratory tract. Continuous exposure 
of the skin to alkaline solutions or mists not only 
causes a direct irritation but also a loss of the nor- 
mal acid mantle on the skin. This opens the way 
for bacterial invasion resulting in boils, carbuncles 
and various and variable skin infections. 

Perhaps the most serious problem of degreas- 
ing and cleaning with a hot solution of alkali, or 
mixture of alkalis, requiring immediate first aid 
and medical attention, results from accidental 
burns of the eyes and skin due to the corrosive 





By Paul W. McDaniel 
Senior Industrial Hygienist 
Penr syly ania Dept of Health 
Harrisburg 
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action of the caustic. Caustic burns of the eyes 
which may cause destructive loss of vision require 
immediate first aid by copious flushing with water 
for at least ten minutes. Facilities for flushing 
the eyes should be provided nearby. The patient 
should not be rushed to a physician before first 
aid treatment. 

Minor skin burns with splashed alkaline solu- 
tion or powder should be washed with copious 
amounts of water. An emergency shower should 
be provided nearby. With extensive burns of the 
body, treatment for shock and other life-saving 
measures should precede special care of eyes. The 
patient should be placed under a shower, then 
covered and kept warm. The feet should be ele- 
vated and someone should summon a_ physician. 

Where alkalis are used for cleaning purposes, 
and to prevent the untoward effects described 
above, personnel exposures to dampness and to 
the various substances used should be eliminated 
or controlled. The use of adequate ventilation for 
the reduction of relative humidity and the removal 
of hazardous vapors is recommended. Personal 
protective clothing such as goggles, rubber gloves, 
boots, and aprons for protection against eye and 
skin contact with the liquid will protect the worker 
from accidental burns and reduce the dermatitis 
hazard Respirators as needed for protection 
against inhalation of powders should be used. 

The ventilation of alkaline cleaning tanks 
may be accomplished by any one of several ways. 
Actually, total enclosure with exhaust ventilation 
will give the most positive control of vapors. How 
ever, Such a system is not always possible, and a 
partial enclosure hood or a lateral slot hood must 
be used. The latter type of installation generally 
provides least interference with the operation ot 
the tank 


tion should always be provided to give positive 


Sufficient mechanical exhaust ventila- 


control ofl vapors, and for tanks with one lateral 
slot hood the air removed should be at least 120 
cu.ft. per min. per sq.tt. of liquid surface 


Acid Cleaning 


Acid cleaning as applied to removal of greasy 
deposits from metal surfaces is not so widely prac- 
ticed as alkaline or solvent cleaning. In instances 
noted during a recent investigation of metal 
degreasing in the northwestern section of 
Pennsylvania it involved the use of only one acid, 
phosphoric. The other common acids, such as 
sulphuric and hydrochloric, were used for scale 
and rust removal or for purposes not involving 
the elimination of grease. 

The phosphoric acid solutions supplied for 
cleaning purposes are of variable composition. In 


addition to acid, they may contain a wetting agent, 
an organic solvent, or other constituents. Where 
acid degreasing-cleaning methods have been noted, 
the operation has been performed in open tanks. 
Exposures noted were those due to high tempera- 
ture and humidity, splashing of the cleaning liquid, 
and air-borne vapors. 

Exposure to dampness has been discussed 
under alkaline cleaning. Exposures to high tem- 
perature and high humidity which may be encoun- 
tered in the vicinity of the hot tanks, particularly 
during warm weather, may cause profuse sweating, 
leading to a serious reduction in the normal 
sodium chloride level in the body. The depletion 
of salt may give rise to heat cramps or exhaustion 
among personnel. 

When high temperatures are encountered, 
personnel exposed should be furnished salt in 
solution or tablet form, to replenish that lost in 
sweating. Where tablets are used, personnel 
should be advised to drink enough water to pre- 
vent nausea that might be caused by a concentra- 
tion of salt in the stomach. 

The problem of corrosive burns of the eyes 
and skin by acid is similar to that discussed under 
alkaline degreasing. When such burns occur, the 
affected parts should be promptly flushed with 
large amounts of water. Safety showers and facil- 
ities for flushing the eyes should be available 
nearby. Additional treatment should be the 
responsibility of the physician. 

The air-borne vapors above a phosphoric acid 
tank may cause nose and throat irritation due to 
the presence of acid and may give rise to other 
symptoms from toxic concentrations of the solvent. 

As recommended for control of exposures in 
alkaline cleaning, adequate ventilation should be 
used in acid cleaning to reduce exposures to high 
temperatures, high humidity and vapors. Per- 
sonnel engaged in the cleaning operation should 
wear protective clothing and goggles as protection 
against the splashing liquid, and should be well 
instructed in methods of handling 


Solvent Degreasing 


Under solvent degreasing are included two 
classes of solvents: (a) the petroleum solvents 
naphtha, gasoline and others) and (b) the chlo- 
rinated hydrocarbons (trichloroethylene, perchlo 
roethylene, carbon tetrachloride and others). All 
these solvents are poisonous to some extent. Their 
toxic effects depend on their vapor pressure, 
solubility, chemical activity and concentration. 
As a rule they show an affinity for the fats and 
lipoids in the body and chiefly affect those in the 

Continued on page 102 
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Relief of excessive fabrication stresses is especially important in 


large welded structures. 


T. McLean Jasper outlines four possible 


methods (three in extensive use) and Wm. C. Stewart presents some 
data on magnitude of stresses remaining after definite heat treatments. 





Stress Relief 





It HAS LONG BEEN KNOWN that commercial 

metal shapes or parts made therefrom retain 
their form in spite of a complicated set of balanced 
internal stresses. A simple proof of their exist 
ence is the dimensional change during heat treat- 
ment. To explain warpage, it was suspected that 
some of these stresses, locked up in the cold, rigid 
metal, were strong enough to cause permanent 
deformation in the hot, more plastic metal. It fol- 
lowed that heating a metal part would lower the 
maximum intensity of any pre-existing internal 
stresses. Hence, stress relief. 

By and large the problem of internal stresses 
did not assume serious proportions until large 
“seamless” structures were made by fusion weld- 
ing. While unwanted internal stresses can lower 
the endurance limit of individual parts, these fail- 
ures were not so spectacular, even disastrous, as a 
broken penstock, a collapsed bridge, a cracked 
ship, oran exploded gas sphere. Such major trou- 
bles followed, here and there, the substitution of 
rigid welded designs for less rigid riveted struc- 
tures, sometimes even without redesigning for the 
new joining method \ riveted seam allowed 
enough movement to relieve most of the erection 
stresses and even some of the stress concentrations 
induced during working or fabrication; not so the 
rigid weld. Suspicion extended to the weld itself; 
it was known, for example, that certain thin sheets 
could be welded with a sound joint, but that heavy 
plates of the same composition would likely have 
microcracks, due presumably to localized, over- 
powering internal stresses at the weld. 

It is not strange, therefore, that the welding 
fraternity has been foremost in studying this phe- 
nomenon of high stresses not due to the calculated 
working loads and in devising methods for cor- 
recting or alleviating it. The following extracts 
from a letter written by T. McLean Jasper of A. O 


Smith Corp., Milwaukee, to Prof. W. Soete of the 
Belgian Institute of Welding summarize the work 
done in this respect in America since the early 
1920's 

“The welding of thick plates by the ductile 
type of are welding in which high shrinkage 
stresses could prevail started about 1924. The need 
for stress relief came at about the same time. 
First used was stress relief by peening each layer 
of the weld as it was deposited. Stress relief by 
heat was applied in 1927. Before this, however, 
the effect of repeated stress in relieving internal 
stresses was demonstrated during the fatigue of 
metals investigation at the University of Hlinois 
Stress relief by overstressing has also been prac- 
ticed for many years in America 

“I will now summarize these four methods 

“Stress Relief by Peening This method has 
been used for about 25 years by the A. O. Smith 
Corp. and is applied in many ways, for it allows 
jobs to be finished which could not be completed 
otherwise. It also reduces distortion (stress relief 
by heat cannot accomplish this to the same 
degree). It can also reduce internal stresses of a 
very low intensity far below any affected by 
heating below the critical point, because low tem- 
perature reduces only those internal stresses that 
are above the long-time yield point of the steel at 
the stress-relieving temperature. For these reasons 
the general use of peening to reduce stresses below 
the fracture point during welding operations is 
employed extensively by us. It eliminates need for 
successive heat treatments when welding a very 
thick section, say of 18 in., and it coddles tender 
and high-strength steels so they can be are welded 
without mishap. 

“Peening for stress relieving is very carefully 
outlined in the American Petroleum Institute's 
Code of 1943, Appendix G. 
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“Stress Relief by Heat — This, as mentioned 
above, has been applied since 1927 to ductile are 
welding and many other types of welding as well, 
and is used in a production plant principally as 
an over-all corrective for a finished product. I 
would refer to the ‘Science of Petroleum’, Vol. 3, 
p. 2302, for the details of tests made prior to 1927, 
and which dominated the selection of the stress- 
relieving temperatures contained in the pressure 
vessel codes. Data in this book indicate very 
clearly that it is possible to stress relieve below the 
1100 to 1200° F. range generally used in American 
shops, and which appears in all pressure vessel 
codes in America. 

“The new Section VIII of the American Soci- 
ety of Mechanical Engineers’ boiler code has the 
following table for the heat stress relief of pres- 
sure vessels: 

METAL HOLDING Time Per 
TEMPERATURE INCH oF THICKNESS 
1100 1 hour 
1050 2 
1000 3 
950 5 
900 10 

“The reason why temperatures much above 
1100° F. are not considered is because a pressure 
vessel, if large, gets out of round and in so doing 
builds up working stresses much faster than the 
heat stress relief takes them out. If a vessel is 
long and small in diameter it takes on the shape 
of a sausage. A vessel only slightly out of line 
builds up stresses much too fast during its opera- 
tion. Some might say: ‘Support and prop the 
vessel so as to use higher temperatures.” Well, 
try it out and see! We generally reheat to a tem- 
perature between 1100 and 1200° F.; the pressure 
vessel then keeps its shape and the welding 
stresses built up during construction are leveled 
off to a reasonable value. (In stress relieving 
large, bulky, solid forgings, the above does not 
apply and higher temperatures are practical.) 

“Stress relief at lower temperature is applied 
most often in the field, on operating plant, in 
which the operating temperature itself can serve 
as the stress-relieving medium. It is often applied 
when repairs or new connections on a thick pres- 
sure vessel are necessary. During such heating 
the vessel is operated at a subnormal pressure, and 
this aids the low temperature in relieving stresses. 
Peening the field joints as they are made often 
serves the same purpose. 

“Stress Relief by Repeated Stressing — The 
author, when serving (1920 to 1926) as engineer 
of tests for the National Research Council’s 
research on fatigue of metals at the University of 
Illinois, used the relaxing method of measurement 


to find out how low a repeated stress value could 
be applied to reduce the quenching stresses in 
fatigue specimens. He found that if he used a 
specimen before any repeated stresses have been 
applied, very appreciable internal stresses were 
sometimes measured. After repeated stressing at 
about half the endurance limit (say two million 
cycles), the measured internal stresses had been 
reduced to less than 10% of the original high 
value in steels that had been quenched and then 
tempered at a low heat. On quenched steels tem- 
pered at a high heat the reduction due to repeated 
stress was small since the initial stresses were 
small. A diagram on p. 61 of Bulletin No. 136 of 
the Engineering Experiment Station of the Univer- 
sity of Illinois shows tests of this sort on 0.50% 
plain carbon steel. 
drical shoulders of heat treated fatigue specimens 
which had been subjected to 500,000 to 10,000,000 
reversals of stress whose maximum intensity was 
from 20 to 50% of the endurance limit. Three 
specimens for each drawing temperature, both 
prestressed and unstressed, were measured before 
and after relaxation, and it is seen from the fol- 
lowing figures that repeated stressing considerably 


Test pieces were the cylin- 


below the endurance limit has reduced residual 
stresses (as measured by ‘units of shortening’) by 
a very considerable amount wherever they were 
relatively large. 
ULTIMATE UNITS OF SHORTENING 
TEMPERING TENSILE Not 
TEMPERATURE Tes! FATIGUED FAaTIGuUED 
None 127,000 psi. +5.0 35.0 
600° F. 127,000 +2. 24.5 
800 121,000 1. 12.5 
1000 107,500 3. 7.3 
1200 93,000 2. 5.0 
1400 86,000 1. 3.0 


“Stress Relief by Overstressing —- This method, 
more applicable to thin welds, has been applied 
for many years by many operators. It can be used 
for ductile welds and ductile steel. (Overstressing 
is also frequently used to stress relieve objects 
that are not welded.) All! that is necessary is to 
bring the applied stresses above the yield stress of 
the material. Sometimes it is not necessary to 
load even that much. In a structure where inter- 
nal stresses are high it is only necessary to apply 
such a load as will bring the total to the neigh- 
borhood of the yield, and the high internal stresses 
will relieve themselves without much distortion. 

“We make pipe for the transportation of gas 
and oil. This pipe is made with a periphery about 
2% less than that desired for the final size, and it 
is expanded by hydraulic pressure to the desired 
diameter in a circular die. 

(Continued on p. 112) 
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NICKEL ALLOYED CAST IRONS can be specified to assure a dense, uniform 
structure of high hardness for wear-resistance, and with weil dispersed graphitic 


ereas for good anti-frictional properties as well as ready machinability 











How NICKEL CAST IRONS help machine tool users 


told down Production Costs 





SCORING and WEAR in machine tools cause dimen- 
sional changes that make accuracy and output fall 
sharply. Then, unit production costs rise... 


Solve this problem by using nickel cast iron for 
induction-hardened and flame-hardened parts of your 
products or equipment 


Records show that nickel cast iron parts make it 
possible for tools to retain their initial accuracy much 
longer than would similar castings of plain iron. The 
Hendey 16” x 54” Toolroom Lathe, shown above, is 
but one of scores of examples 


The Hendey Machine Company, Torrington, Con- 
necticut, found the induction method best for lathe 
bed ways that must retain accuracy. Their engineers 
spec ify al’, per « ent nickela loy cast iron, induction 
hardened to provide a minimum reading of 70 on the 
Shore scleroscope (about 500 BHN ). Distortion never 
exceeds 0.012” in a 6-foot length of this nickel cast 
iron, and the depth of the hardened skin runs as high 
as 3 32”. 


Nickel in cast iron lowers the critical transformation 
range, thus promoting greater depth of hardness than 
in plain iron, and minimizing distortion. Moreover, 
there is gradual blending of the hardened layer into 
the softer pearlitic interior, whereas in unalloyed iron 
the transition zone is apt to be completely graphitized 
and hence extremely weak. 


Consult us on the use of nickel alloyed irons to 
meet your casting requirements. Send us details of 
your problems today 


Over the yeers, International Nickel has eccumulated a fund of useful 
information on the properties, treatment, fabrication and performance 
{ engineering alloy steels, stainless steels, cast irons, brasses, bronzes 
ickel silver, cupro-nickel and other alloys containing Nickel. This 
information is yours for the asking. Write for “List A” of available 
publications 


THE INTERNATIONAL NICKEL COMPANY, INC. vew'vorx's, x 
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Exposures for Cobalt-60 Radiography of 


By A. Morrison, National Research Council of Canada, Ottawa, Ontario 





| Bapsiy alge is a gamma-ray source less costly than 1000 ¢ 
4A radium and is available in units of greater activity 800 | 
so that shorter exposure times are possible. In the 600 | 
accompanying exposure charts } 
Sy 400 | 
d? 
where § milligram radium equivalent of source 
{= time of exposure in minutes 
d = distance from source to film in inches 


Exposure factor 


The milligram radium equivalent was determined 
by comparing each cobalt source with a radium source 
of about 250 mg. radium content, by means of an 
ionization chamber. At present, sources having gamma 
radiation equivalent to that from 2.4 g. of radium con- 
sist of a cylinder of cobalt 6.5 mm. in diameter by 
6.5 mm. high. However, résults from “equivalent” 
sources are not identical because of differences in the 
gamma-ray gretra of radium and cobalt. As the half 
life of cobalt-60 is only 5.3 yr., its source strength must 
be corrected at intervals of about six months. 


C Ww 
© o 


Exposure Factor 
2 


*Charts are from “Radiography With Cobalt-60", by U 2c no MN 200 =~400 600 
A. Morrison, Nucleonics, December 1949, p. 19 to 32 ‘(copy- n 1, Calculated for Source of 500 Mg 
right, 1949, by the McGraw-Hill Publishing Co.; reprinted 
by permission). The original article includes discussion of 
sensitivity in cobalt radiography and a comparison of 
radium and cobalt-60 as sources 
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This unit, properly supplemented, will handle all types of 
photomicrography. Every component has been designed 
to give you new adaptability, speed, ease and efficiency in: 


1 Visual Microscopy 


2 High Power Photomicrogra- 
phy, with Transparent and 
Opaque Specimens 


Low Power Photomicrogra- 
phy, with Transparent and 
Opaque Specimens 


@ Photocopying 


WRITE for your copy of detailed, 
informative Catalog No. E-210, to 
Bausch & Lomb Optical Co., 638-S 

St. Paul St., Rochester 2, N. Y 
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Although the modulus of elasticity of a metal is rather in- 
sensitive to most metallurgical variables, alloving elements 


may have significant effects. 


Magnitudes of these and 


other effects are indicated in the following review article. 








The Modulus of Elasticity— 


A Review of Metallurgical Factors 





® THE MODULUS OF ELASTICITY (Young's mod- 
ulus, E) has always been of greater mechan- 
ical than metallurgical interest because of its 
importance in design and its insensitivity to vir- 
tually all metallurgical factors. The designer's 
interest in this property does not extend much 
beyond a simple desire for accurate numerical 
values to substitute in his formulas. Physical 
metallurgists, on the other hand, have accumulated 
a considerable body of data relating the modulus 
to changes in temperature, composition and struc- 
ture of alloys. 

Since David J. Mack’s critical review of the 
data and theory on Young’s modulus in 1946 
(A.L.M.E. Transactions, Vol. 166, p. 68), the 
Zeitschrift fur Metallkunde has published four 
comprehensive papers by Werner Koster on met- 
allurgical aspects of the modulus (Vol. 39, 1948, 
p. 1-9, 9-12, 111-120, 145-158). These recent data 
indicate the possibility of increasing the modulus 
of some metals by appropriate metallurgical con- 
trol. The present contribution may be considered 
as supplementing Mack’s review, with particular 
emphasis on the German work published in 1948 

The Effect of Temperature 
of the temperature variation of E in both high and 
low melting alloys, the data may be plotted as a 
function of the ratio of the absolute temperature 
to the absolute melting temperature (Fig. 1). Most 


For comparison 


of these data reveal that the modulus decreases 
almost linearly with increasing temperature. It is 
interesting to note that the modulus for the closely 
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packed face-centered cubic structure of gamma 
iron is greater than that for the less dense body- 
centered cubic structure of alpha iron. Undoubt- 
edly the lower modulus of alpha iron is primarily 
attributable to the greater distance between the 
atoms in this structure. The modulus is also sen- 
sitive to the magnetic state of the elements, and 
over the range of the Curie temperature where 
alpha iron changes from ferromagnetic to para- 
magnetic its modulus of elasticity decreases. 

The effect of atomic structure on the modulus, 
as revealed by plotting E at atmospheric tempera- 
ture as a function of the atomic number, is shown 
in Fig. 2. It must be recognized that this method 
of comparison has several minor defects: It 
neglects considerations of interatomic distances 
and magnetic states, both of which affect the mod- 
ulus. Furthermore, the comparisons should be 
made at equivalent temperatures —- perhaps at the 
Debye characteristic temperature for each element 

rather than at a fixed temperature. Such 
refinements, however, would not alter the general 
trends and comparisons. Several interesting con 
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Fig. 1 — Effect of Temperature on the Mod- 
ulus of Elasticity of Fifteen Metals (Koster) 


clusions are directly deducible from the data pre- 
sented in Fig. 2. 

1. For the first two short periods of the 
periodic table (as, for example, the second period 
consisting of Na, Mg, Al, Si) the modulus increases 
with increasing atomic number. Undoubtedly two 
factors contribute to this trend, namely, the 
increase in the number of binding electrons and 
a decrease in the atomic radii with increasing 
atomic number. 

2. Proceeding vertically down any column of 
the periodic table (as, for example, Be, Mg, Ca, Sr, 
Ba), excluding the transition series of elements, 
the modulus decreases with increasing atomic 
number. As the valences of the elements in a sin- 
gle column of the table are identical, this trend is 
probably due primarily to the increasing atomic 
radius of the elements with increasing atomic 
number in the column. 

3. The transition elements (for example, the 
first transition series, Sc, Ti, V, Cr, Mn, Fe, Co, Ni) 
have exceptionally high moduli of elasticity. Inas- 
much as the increase in E is attributable to higher 
binding forces between the atoms of the solid ele- 
ment, it necessarily follows that the d-electrons 
of the transition series contribute appreciably to 
the binding energy of the solid. The fundamental 
mechanism whereby the d-electrons contribute to 


the binding is at present largely speculative. 

4. The maximum modulus for the second and 
third transition series occurs at the elements 
ruthenium and osmium, each having about six 
d-electrons. In the first transition series iron also 
has six d-electrons and it would, therefore, be sus- 
pected that it also should exhibit the greatest 
modulus in its series. Actually, the modulus of 
iron is almost the same as that for cobalt, the 
element next higher in the periodic sequence. But 
the modulus for cobalt refers to the closely packed 
face-centered cubic lattice, whereas that for iron 
refers to the more loosely packed body-centered 
cubic structure. If, then, the comparison of 
moduli were based on the same structure, iron 
would exhibit the maximum modulus among the 
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Fig. 2 — Periodic Variation of the Modulus (Koster) 


Consequently, the highest 
modulus and, therefore, the highest binding forces 
among the elements in a transition series invari- 


elements of its period. 


ably is obtained at the element that has six 
d-electrons. 

5. When the transition elements having the 
same number of d-electrons are compared (as, for 
example, Fe, Ru, Os) the modulus increases appre- 
ciably with increasing atomic number. This trend 
is contrary to that of the nontransition elements 
and it is also contrary to expectations based solely 
on the atomic radii. For as the atomic number 
increases in this sequence the radius also increases 
and the modulus would normally be expected to 
Obviously, the increase in the strong 
binding of the transition elements having the same 
number of d-electrons with increasing atomic 
number arises from some yet undetermined factor, 
which has such a pronounced effect that it far 
outweighs the smaller effect of decreasing binding 
with increasing atomic radius. If this factor could 


decrease. 
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Fig. 3 Modulus of Copper-Nickel Alloys (Koster 


be uncovered substantial strides might be made in 
improving the moduli of alloys. 

6. Although plastic properties are highly 
structure-sensitive, whereas the elastic properties 
are structure-insensitive, there 
is nevertheless a relationship 
between the modulus and 
other mechanical properties. 
For example, when the hard- 
ness of the pure metals is 
plotted in periodic fashion, 
analogous to the data in Fig. 2 
for the modulus of elasticity, 
a similar periodic trend is 
obtained. This fact establishes 10 


Modulus, Million Psi 


‘ 
given in Fig. 3. In other completely miscible 
binary alloys, for example, silver-palladium or 
gold-palladium, the simple linear relationship does 
not hold, as shown in Fig. 4, and a maximum 
modulus is obtained in the alloys having 50 atomic 
% palladium. Whether such systems of binary 
alloys exhibit an increase or a decrease in modulus 
with alloying additions, however, appears to 
depend on the test temperature as shown for the 
silver-gold series given in Fig. 5. Here additions 
of the second element increase the modulus at low 
temperatures, whereas they decrease it at higher 
temperatures. 

In general the modulus of elasticity of ter- 
minal solid solutions decreases rather rapidly with 
increasing atomic percentage of the solute element 
for alloy systems that form intermetallic com- 
pounds. Typical examples of this effect are shown 
in Fig. 6 and 7 for a number of magnesium and 
aluminum alloys. In general 
those elements having the low- 
est solubility in atomic per 
cent also exhibit the greatest 
decrease in the modulus of 
elasticity. Zener has suggested 

Acta Crystallographica, Vol. 
2, 1949, p. 163) that this effect 
is primarily attributable to the 
change in interatomic spacing 
which causes the attraction to 
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the rather strong dependence 
of the flow stress for plastic 
deformation of metals on their 
binding energies. 

Effects of Alloying In 
view of the uncertainty concerning the fundaimen- 
tal origin of the moduli of the elements, particu- 
larly the transition elements, it is not surprising 
that even less is known about the effect of addition 
elements on the moduli of binary alloys. It is a 
prevalent concept that, in general, the modulus is 
rather insensitive to alloying elements. This thesis 
is frequently correct, but Késter’s recent evidence 
has shown that in many systems rather substan- 
tial changes in the modulus are obtainable by 
alloying. 

The simplest type of binary alloy is one in 
which the two elements are mutually soluble over 
the entire range of compositions. This occurs only 
when the two elements have the same crystal 
structure, almost identical atomic radii and similar 
valences. Under these conditions the binding 
energy would not be much different from that of 
each of the elements and it would be anticipated 
that the modulus might vary linearly with the 
atomic percentage of the solute. This is usually 
true, as shown by the data for copper-nickel alloys 


Ag,Au 20 40 60 60 Pda 
Atomic Percentage Palladium 


Fig. 4 ig-Pd and Au-Pd Alloys 


be less than that in the pure 
metal when the atoms are dis- 
placed from the positions of 
lowest energy which obtain in 
the pure solvent metal. On 
the other hand, additional factors probably enter 
the analysis because in a few alloy systems that 
form intermetallic compounds the modulus 
increases with increasing concentration of the 
solute element, as shown in Fig. &. 
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Fig. 5 —- Modulus of Silver-Gold Alloys (Koster) 
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Fig. 6, 7 and 8 


Effect of Various Alloying Elements on the Modulus of Elasticity 


of the Terminal Solid Solutions Based on Magnesium, Aluminum and Gold (Koster) 


The modulus of intermetallic compounds may 
v either higher or lower than that of the elements 
in the compound. A typical example of the modu- 
lus variation with structure is shown in Fig. 9 for 
the aluminum-copper system. Here the modulus 
of CuAl, is greater than that for aluminum but 
less than that for copper. In general, the higher 
the melting temperature of the intermediate phase, 
the higher is the binding energy and consequently 
the higher is the modulus of elasticity. 

Since the modulus of elasticity is rather struc- 
ture-insensitive, it is independent of grain size in 
a single-phase region and independent of the dis- 
persion in a two-phase region. Consequently, over 
a two-phase region the modulus of elasticity 
changes almost linearly with the atomic percentage 
of the added element from the modulus of one 
phase to that of the second phase. Thus, in addi- 
tion to physical factors such as temperature and 
magnetic condition, the modulus of elasticity is 
also sensitive to such metallurgical factors as crys- 
tal structure, cold work and alloying. Some bene- 
ficial adjustments of the modulus can be achieved 
by appropriate variation of these- metallurgical 
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Fig. 9 Modulus of Elasticity of Aluminum- 
Copper Alloys Throughout the Entire Concentra- 


tion Range, as Measured at Room Temperature 


factors. But before full advantage of this approach 
can be achieved much additional work will be 
required to uncover the fundamental factors relat- 
ing to the binding of the elements in metallic 
structures. (-) 


Courtesy Aluminum Co. of America 





This article presents new data on temperature variation of Young's modulus for 
the following metals: Stellite 21, Inconel, four austenitic stainless steels, Armco 


iron, S.A.E. 4130 and 75S aluminum alloy. 


{ dynamic method of testing was 


used in which the specimen was vibrated transversely at its resonant frequency. 








Effeet of Temperature on the 


Modulus of Elasticity’ 





iil THE MODULUS OF ELASTICITY is becoming an 
increasingly important criterion for the 
selection of alloys for mechanical and structural 
applications. For certain aircraft components and 
engine parts, a choice of alloy may depend on a 
difference of 0.1 or 0.2 million psi. in the modulus. 
It therefore becomes important to obtain accurate 
modulus values for many metals and alloys. 

Information concerning Young's modulus 
may be based on either static or dynamic measure- 
ments. The dynamic method described in this 
paper can be used for research or for acceptance 
testing and evaluation of materials for critical 
applications. It would be far less costly and time 
consuming than obtaining equivalent data by con- 
ventional tensile, compression or bend tests. How- 
ever, static tests may be necessary where the state 
of stress is a variable under consideration. 

Measuring the Dynamic Modulus In the 
dynamic method, a slender right cylinder or prism 
of the test material is suspended horizontally and 
caused to vibrate transversely (in the vertical 
plane). Its fundamental natural frequency is then 
determined through location of the proper reso- 
nance peak of vibration. From this frequency, 
and the mass and dimensions of the test bar, the 
modulus of elasticity is calculated by means of a 
simple equation. The apparatus is readily 
arranged to measure moduli at temperatures above 
and below ambient, and may be adapted for vac- 
uum and inert atmosphere conditions. 

David J. Mack' has given a fairly complete 


review of the knowledge of Young's modulus up to 
1945, including both static and dynamic methods 
of measurement 

W. Koster and F. Forster? and their co-work- 
ers in Germany have used the same apparatus and 
specimen to measure both Young’s modulus and 
damping. M. Roberts and J. Nortcliffe® in England 
employed a simplified version of this test equip- 
ment. The apparatus used to obtain the data 
presented in this article (Fig. 1) was very similar 
to that used by Roberts and Nortcliffe 

An interesting low-frequency variation of the 
transverse-vibration dynamic method, developed 
about 1933 by P. LeRolland and P. Sorin in 
France,* has been widely used. It is described by 
Mack.' In more recent work, however, L. Guillet 
and co-workers in France have used Cabarat's 

*Most of the work reported in this article was 
done at Battelle Memorial Institute in 1949, and the 
results were submitted to the Ohio State University as 
part of the requirements for the degree Master of Sci 
ence in Metallurgy. 


References are on p. 100 
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Fig. | {pparatus Used in Determining the Dynamic 


apparatus, which utilizes high-frequency longi- 
tudinal vibrations to measure both modulus and 
damping. 

The cylindrical specimen used in the present 
work was of the same dimensions as that used by 
Roberts and Nortcliffe? and Jones and Norteliffe.® 
It measured 6 in. long by 4; in. in diameter, and 
was used whenever bar stock was the test material. 
It was found to be optimum in size and propor- 
tions as regards ease of excitation, sharpness of 
resonance in vibration, and loading of the detect- 
ing element. A shorter, thicker specimen would 
be much easier to machine, but would be difficult 
to vibrate at detectable amplitude. 

Sheet materials were of greatest interest dur- 
ing this series of tests, so a test specimen of suit- 
able dimensions had to be developed. For the 
thicknesses encountered (0.020 to 0.060 in.), a 
specimen 3 in. long by % in. wide was found satis- 
factory. The resonant frequency of a longer speci- 
men was too low to be measured accurately with 
the equipment available, unless its width were 
increased so much as to make it awkward to use. 
The 3 x ‘%-in. specimen was lighter than optimum, 
so far as excitation of the crystal pickup was con- 
cerned, but it seemed to be the best compromise. 

Operation of the test setup shown in Fig. 1 
was as follows: The signal from a good audio 


Piezoelectric Crystal Pickup 


Oscilloscope 


Amplifier 


» Modulus 


oscillator, low in harmonics, was fed 
into an amplifier and thence into the 
driver unit (transducer). The corre- 
sponding mechanical output of this was 
fed through one of the specimen sup- 
port strings into the specimen, which 
vibrated with detectable amplitude only 
if the oscillator frequency was close to 
the natural frequency of the specimen. 
Such near-resonance vibrations were 
transferred through the other support 
string from the specimen to the crystal 
pickup, and the corresponding alter- 
nating current signal generated by the 
pickup was amplified and fed into a 
small cathode-ray oscilloscope. A 500-yyfd. con- 
denser was connected in series with the pickup to 
minimize disturbance of the oscilloscope pattern 
by miscellaneous low-frequency mechanical vibra- 
tions. An accurate frequency bridge was con- 
nected as shown in Fig. 1 to measure the frequency 
of the signal from the oscillator. Support strings 
were attached to the specimen just inside the nodes 
of the fundamental mode of vibration (Fig. 2). 

The driver unit used here consisted of an 
obsolete electrodynamic loudspeaker with the cone 
and outer frame removed. A light metal frame 
carrying a small hook was cemented to the voice 
coil form. The voice coil was held in reasonable 
alignment, even after removal of the speaker cone, 
by its centering spider. The pickup used was an 
ordinary piezo-electric crystal phonograph pickup, 
with an output rating of about 1 volt. The sus- 
pension strings were attached directly to the 
needle of the crystal pickup and to the hook on 
the driver unit, respectively. The asbestos support 
strings were replaced after each run at high tem- 
peratures, since they became crumbly after expo- 
sure to temperatures above about 1000° F. 

The electric-resistance tube furnace used for 
tests at high temperatures is shown in Fig. 2. 
Three holes were provided through the top, prop- 
erly spaced for support strings carrying either the 


Table 1 — Description of Test Materials 





Stellite 21 
Inconel 80 Ni, 15 Cr, 5 Fe 


Armco Iron 
4130 Steel 

75S Aluminum 
75S Aluminum 





ALLOY COMPOSITION 
62 Co, 27 Cr, 6 Mo, 2 Ni, 0.25 C 


18-8 (Type 304) 19 Cr, 9 Ni, 0.07 C, 2.0 max. Mn 
18-8 (Type 347) 19 Cr, 10 Ni, 0.07 C, 1.0 Cb 

18-8 (Type 303) 18 Cr, 9 Ni, 0.12 C, 0.1 Se 

25-20 (Type 310) 25 Cr, 20 Ni, 0.20 C, 2.0 max. Mn 
0.012 C, 0.017 Mn, trace Si 

0.31 C, 1.0 Cr, 0.21 Mo, 0.44 Mn 

5.5 Zn, 2.5 Mg, 1.5 Cu, 0.3 Cr, 0.2 Mn 
5.5 Zn, 2.5 Mg, 1.5 Cu, 0.3 Cr, 0.2 Mn 


Form CONDITION 


Sheet, 0.035 in. 
Sheet, 0.026 in. 
Sheet, 0.037 in. 
Sheet, 0.040 in. 
Bar stock 
Sheet, 0.020 in. 
Sheet, 0.030 in. 
Bar stock 
Sheet, 0.032 i 
Bar stock 


Annealed, 2200° F. 
Annealed, 1950° F. 
Annealed 

Cold rolled, % hard 
Cold drawn, % hard 
Annealed, 2050° F. 
(Not available) 
Norm., ann. 

T6 (aged) 

T6 (aged) 
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cylindrical 6-in. or the rectangular 3-in. specimen. 
A thick stainless steel tube surrounded the speci- 
men inside the furnace, to improve the tempera- 
ture distribution along the specimen. The ends 
of the furnace were plugged, and two thermo- 
couples were placed as shown in Fig. 2 to register 
temperature as near as possible to the specimen. 

The frequency response of the apparatus was 


Table Il — Hardness of Test Materials 





Rock WELL HARDNESS 
MAXIMUM 


Test SUPERFICIAL 
Tempera- Berone (15-T) 
TURE Test - 


ALLOY 


Berore | APTrer 


Stellite 21 (s) 1800° F. B-106 § 95 
Inconel (s) 1800 B- 72 8&3 
Type 304 (s) 1800 B- 78 &5 
Type 347 (s) 1900 B-109 

Type 303 (b) 1800 

Type 310 (s) 1800 B- 73 

Armco Iron (s) 1600 B- 38 

4130 (b) 1500 

758 (s) 750 E-106 

75S (b) 700 











(s) Sheet stock. (b) Bar stock. 


best between about 400 and 2000 cycles per sec.; 
consequently the specimen sizes were selected to 
fall in this range. While the furnace could be 
used at temperatures up to 2000°F., it was very 
difficult to vibrate most metal specimens at tem- 
peratures higher than about 1500 to 1800° F. with 
sufficient amplitude to permit locating the resonant 
frequency. (Tests of aluminum were, of course, 
limited to considerably lower temperatures.) High 
damping capacities of the test metals at these tem- 
peratures almost annihilated resonance phenomena. 
The procedure in making a high-temperature 
run, the equations used for calculating the 
dynamic modulus, and a statement about the 
accuracy of the results are given on p. 96 


Experimental Results 


Table I lists the ten materials tested in this 
program and gives the approximate composition, 
form (sheet or bar stock) and condition of each. 
Table Il gives Rockwell hardnesses of the materi- 
als before and after test, and the approximate 
maximum temperatures to which each was 
exposed during test. 

Figures 3 to 7 show the variation in modulus 
with temperature for the ten materials tested, both 
during heating and cooling. Similarities among 


the slopes of certain of the curves are summarized 
in Table III by giving an approximate mean tem- 
perature coefficient of the modulus and the range 
over which it applies, for each of several groups 
of curves. The two ferritic materials, Armco iron 
sheet and 4130 steel bar stock, show no significant 
linear portion in their modulus-temperature 
curves. Since the slopes of the two curves are 
similar, however, they have been put in the same 
group and a range has been given for the tempera- 
ture coefficient of the modulus. 

It may be noted in Fig. 6 and 7 that Késter's*® 
curves for “pure iron” and “pure aluminum” agree 
quite well in slope and curvature with the author's 
curves for Armco iron and 75S aluminum alloy, 
respectively. Also, if the temperatures of the dis- 
continuities in the three curves in Fig. 6 are com- 
pared with the transformation temperatures for 
the corresponding compositions, the agreement is 
surprisingly good. Insufficient data were obtained 
to show transformation discontinuities on cooling 
for the Armco iron and 4130 steel. 

For several of the materials, cooling curves of 
the modulus are considerably higher than the heat- 
ing curves, and the room temperature modulus 
is higher after heating (in test) than before. 
The longitudinal specimen of stabilized 18-8, the 
Stellite 21 and the 25-20 alloy are outstanding in 
this respect. As cold work is likely to change the 
modulus of a metal, the effect of heating on cold 
rolled 18-8 is not surprising. The difference in 
response between longitudinal and transverse 
specimens may also be explained. The changes in 
modulus with cold work and subsequent annealing 

as during test) are believed to result from a com- 
bination of at least three factors changes in 
elastic anisotropy due to rotation of grains toward 
certain preferred orientations, introduction and 
release of residual stresses, and introduction and 
release of elastic strain energy. This has been 
shown, for instance, by McAdam and Mebs,'® who 
reported a 36% decrease in the static tensile mod- 
ulus of an 18-8 stainless steel from 32.2 to 20.7 
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layer of oxide resulting 
from exposure to the 
high test temperatures. 
is, the apparent 
Inconel, Annealed Sheet modulus was low because 


Stellite 21, Annealed Sheet That 


18-8 (Type 304), Sheet of the weight of the oxide 
18-8 (Type 347), Longitudinal and reduction of the 
18-8 (Type 347), Transverse metal cross section, but 
the true modulus was 
unaffected. Removal of 
this layer by hand pol- 
ishing increased the mod- 
ulus after test almost to 
the initial room tempera- 
ture value. Remachining 
probably would have 
erased the remaining 
difference. 
The bumps upward 
in the modulus-tempera- 
ture curves for the 25-20 
Cr-Ni alloy (Fig. 5) re- 
main unexplained. How- 


Dynamic Modulus of Elasticity, Million Psi 


ever, their appearance 

18-8 (Type 303), Half Hard during both heating and 

25-20 (Type 3/0), Annealed ] cooling seems more than 

Armco ingot iron Sheet : coincidence. 

SAE. 4/30, Annealed a It should be noted in 
Fig. 7 that the static 
modulus of 75S alloy 


decreased much more 





| | Prd = rapidly with increasing 

40 200 400 ~ 600 ~~ er 0 00 16C 18C temperature above about 
Testing Temperature, °F 100° F. than did _ the 

Fig. 3 Effect of Temperature on the Modulus of Elasticity of Eight Materials dynamic eee — 
difference might be 

accounted for in large 

million psi due to tensile plastic deformation part by the creep and relaxation that is believed 
of 58%. Annealing would be expected to increase to take place in some aluminum alloys at tempera- 





this modulus to nearly its original value. The tures above 400° F. in static tests. Probably this 
relative magnitudes of the three factors listed does not occur to any great extent in dynamic tests. 
above, and consequently the direction and inten- 
sity of any effect of cold work on the modulus, will 


Table 111 — Temperature Coefficients of Modulus 
depend on the material, the stress system causing 





the cold work, and the extent of the plastic ALLOY No. RANGE Temp. Coerr. 


deformation by cold working. 
Stellite 21 1 
Annealed 18-8 3 to 1600° F. 7000 psi./°F. 
Cold Drawn 18-8 (Se) 6 


It is not clear why the final room temperature 
moduli of Stellite 21 and the 25-20 alloy are higher 
than the initial values. Principal causes for the 


increase may be relief of stresses caused by prior Inconel 
18-8 (Cb) Clongitud. to 1400 $500 


quenching or other heat treatment, and precipita- 95.90 CrN 
60-6 I I 


tion or aging phenomena resulting from exposure 
to the high test temperatures. Other materials 18-8 (Cb) (trans.) . to 1200 6300 
were affected only slightly by exposure to the test ~~ : es ~ 

. 8 % I 79S Aluminum 2 to FOO 3700 
temperatures. Although the cooling curve of 
Armeo iron did not retrace the heating curve Armeo Iron 


. to 1000 5000 to 8000 
(Fig. 6), the difference is probably due to a heavy S.A.E. 4130 
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Summary 


It is believed that the data presented 
here give a reasonably accurate picture 
of the effect of temperature on the 
elastic modulus, and that the data would 
be especially applicable to design for 
vibrational loads. 

The mean temperature coefficient of 
the dynamic modulus for each of the 


materials except aluminum is between 


about 4500 and 8000 psi. per °F., up to 
about 1000°F. The temperature coeffi- 
cient for the 75S aluminum is about 
3700 psi. per °F. up to about 700° F. 
Deviations above these limiting tempera- 
tures are due to softening of most of 
these materials and in general correlate 
with greatly increased damping capac- 
ity and decreased resistance to creep 
and relaxation. 


Suggestions for Future Work 


In a permanent setup, the whole 
apparatus should be built on a heavy 
frame. The supports for driver and 
detector (pickup) units may be mounted 
to slide on separate rubber-mounted 
rails or tracks, for adjustment to the 
length of specimen or position in the 
furnace. It would be desirable to have 
the furnace built in two halves, with the 
suspension string holes replaced by a 
single long slot. The halves could then 
be mounted to slide axially along a track 
mounted rigidly in the main frame of 
the apparatus. Then the test specimen 
could be cooled rapidly by sliding the 
two halves of the furnace apart without 
disturbing the specimen or its suspen- 
sion Also, any difficulties with the 
specimen suspension or thermocouples 
occurring during the run might be recti- 
fied using the same procedure, without 
the need for completely cooling the 
furnace. 

It is suggested that for makiug 
determinations in vacuum or protective 
atmosphere, the whole apparatus should 
be made smaller and more sensitive, and 
that a smaller specimen should be used. 
Then a fairly vacuum-tight chamber 
could be built around it, and measure- 
ments could be made readily in either 
vacuum or a protective atmosphere 
almost as easily as in air (-) 
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Henry M. Heyn 


Surface Combustion furnaces and 
Henry Heyn © are practically syn- 
onymous to most metallurgical engi- 
neers, for the manager of 
Surface’s heat treat division has been 
selling to them for 25 years. In fact, 
practically his entire working life 
has been there, since he started in the 
post-war depression of 1921 as a 
mechanical draftsman. His member 
ship in the Detroit Chapter @ also 
dates back to 1925. In these inter 
vening years the art and practice of 
heat treating have been revolutionized 
by atmosphere control in efficient con- 
tinuous furnaces. It is a measure of 
Henry Heyn’s stature within a highly 
competitive industry that he has been 
elected president of the Industrial 
Furnace Manufacturers’ Assoc., and 
that his presidential address stressed 
the need for even further progress 
through continuous research and de- 
velopment. 


sales 


George Sachs @ has been ap 
pointed vice-president of Horizons, 
Inc., of Princeton, N. J., and Cleve- 
land, Ohio. Dr. Sachs was educated 
in Germany, but has been in this 
country since 1936. He was at Case 
Institute of Technology for nine years 
as director of the Metals Research 
Laboratory and since 1949 has been 
president of Metals Research Assoc., 
Cleveland. 


James B. Kenny @ has been pro 
moted from assistant chief metal- 
lurgist to chief metallurgist of the 
Buchanan, Mich., plant of the Clark 
Equipment Co. 


Following graduation from Queen's 
University, Henry C. Armstrong © 
has been employed as a sales en- 
gineer by Johnson, Matthey and Mal 
lory, Ltd., Toronto, Ontario. 


B. B. Beckwith @ is now in the 
sales division of the Commonwealth 
Industries, commercial heat treaters 
of Detroit. 


Personal 


C. H. Mathewson 


Students, admirers and associates 
of Champion Herbert Mathewson © 
met in his honor on June 23 on the eve 
of his retirement after 43 years on 
the faculty of Yale University, 31 of 
them as chairman of the department 
of metallurgy in Sheffield Scientific 
School. His teaching life thus spans 
several transitions in the art and 
science of metallurgy. At the very 
outset emphasis was upon ore dress- 
ing and smelting. Young Mathewson 
was interested in metallography and 
phase systems. Applying this ad- 
vanced viewpoint to the copper al- 
loys, he and his many eminent grad- 
uates examined and improved the ex- 
isting mill practices in the neighbor 
ing Connecticut industries. Delving 
more deeply into the mechanism of 
plastic flow, he came up with a 
fundamental concept that was directly 
applicable to the rolling of pure zinc, 
a traditionally brittle metal. A grand 
man, an inspiring teacher, a renowned 
metallurgist, his multitude of friends 
wish him a long and satisfying life. 


W. Mack Crook @, formerly as- 
sistant chief engineer of the Hunt 
Tool Co., has established a consult- 
ing service in the design and devel- 
opment of new products and equip- 
ment for oil fields 


Donald Rogers @, formerly a re- 
search fellow at Rensselaer Polytech- 
nic Institute, has taken a position 
with the Sprague Electric Co., North 


Adams, Mass., as a research engineer 
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Mention 


Kent R. Van Horn 


At the outset of a gracefully writ- 
ten piece about the 1945 president of 
the American Society for Metals, the 
biographer makes this somewhat 
prophetic statement: “In addition to 
being learned in metals, Van Horn 
is a Man of Parts, as his superiors 
in the Aluminum Company—who 
thought at first they had merely hired 
a research metallurgist—have come to 
find out.” In his working life of 21 
years with Alcoa, Kent R. Van Horn 
@ has been research metallurgist, spe- 
cializing in radiography, assistant 
manager of the Cleveland research 
division, manager of the division 
(succeeding the late Louis W. Kempf), 
and then assistant director of re- 
search in forgings and castings for 
the entire company. Effective August 
1, he will become associate director 
of research for Alcoa and transfer 
to the central headquarters in New 
Kensington, Pa., succeeding Herman 
E. Bakken who becomes vice-presi- 
dent and general manager of the 
Aluminum Ore Co. 


Arthur W. Peterson @, formerly 
in the metallurgy department of Mas- 
sachusetts Institute of Technology, 
is now’ chief metallurgist at the 
Parker Pen Co., Janesville, Wis. 


Following graduation from 
Polytechnic Institute, 
Ronald E. Turner @ has become as 
sociated with Queen City Sand & 
Supply Co., Buffalo, N. Y., where he 
succeeds his father as sales manager. 


Rensselaer 














THE HAVERLY Nighe 
aad Morning Milk 

Cooler which makes it 
possible to cool cach 
milking without remov- 
ing cans from previous 
milking. lt is one of the 
numerous models made 
by Haverly Electric Co., 
Inc., all of which are 
lined with a specially 
modited Revere Copper. 


meses 3 IE, 








LOOKING DOWN invo 
one of the compartments 
of the Haverly Milk 
Cooler showing the 
tough, non- rusting, @asy- 
to-clean Revere Copper 
lining. 


How Copper, THE RIGHT COPPER 


Ysoreated . Sills. 


OF HAVERLY MILK COOLERS 


O, farms throughout the country mechanical refriger- 
ation for the cooling of milk has been growing by leaps 
and bounds. Late in 1945, there were many complaints 
from the farmers regarding the war-quality rustable mate- 
rial used to line these milk coolers. They were difficult to 
clean and were rusting out rapidly. 

When restrictions were lifted on copper and copper 
alloys, the Haverly Electric Co., Inc., Syracuse, N. Y., 
came to Revere to see if non-rusting, easy-to-clean copper 
could be used. The solution was not as easy as it sounds. 
For the copper, in addition to its non-rusting and high 
thermal conductivity properties, also had to be strong 
enough to withstand the constant banging of 80-lb. cans 
of milk, and at the same time sufficiently ductile for easy 
fabrication. 

Two Revere sheet metal specialists and their staffs went 
to work. Tests showed electrolytic copper was not mechan- 
ically feasible. Then tests were run with several modified 

oppers. One of these was found to possess ail of the 
requirements. 

This use of copper as a liner for milk coolers further re- 
sulted in the development of the Haverly “Floating Ice” 
feature. The ice forms on the side walls of the smooth 
copper liner; works loose and floats to the surface, adding 
cracked ice cooling around the top of the can at the cream 
line, where fast and efficient cooling is needed and proves 


most profitable. Hence a more efficient unit. Also, due to 
copper having the highest heat-conductivity of any other 
commercial metal, copper cooling coils are attached to 
the outside of the copper lining. This results in greater 
cooling efficiency and easier cleaning. Here again Revere 
helped. The Revere welding department developed a fast 
method of attaching this Revere Dryseal Copper Tube to 
the lining. 

The final outcome is that sales of the Haverly Electric 
Co., Inc., have increased until they are selling all they can 
produce of this type cooler, while the mutual knowledge 
gained has resulted in this company expanding its use of 
special copper alloys in coolers for other industries. 

Perhaps Revere can be of help in developing or improv- 
ing your product, increasing your sales. Why not call the 
Revere Sales Office nearest you next time you have a 
problem in metals? 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mille Baltimore, Md.; Chicago, 1Il, Dah. Méch.; Los Angeles and 
Riverside, Calif; New Bedford. Mass.; Rome, N.Y. 
Sales Offices nm Principal Cities, Distributers Everywhere 
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Personals 





H. E. North, Jr., @ is now presi- 
dent of Arcadia Metal Products, 
Arcadia, Calif. 


Robert E. Ward @ is now manager 
of the foundry at the Eclipse-Pioneer 
division, Teterboro, N. Y., of Bendix 
Aviation Corp. He was previously 
director of metallurgy of the division. 


Following graduation from the 
University of Wisconsin, William E. 
Beyer @ has been working in the 
rates and methods department of the 
General Malleable Corp., Waukesha, 
Wis. 

Paul E. Nelson @, a March 1950 
graduate from Michigan College of 
Mining and Technology, is now em- 
ployed by J. I. Case Co., Racine, Wis., 
in their training program. 


A. L. West, Jr., @ has been trans- 
ferred by Aluminum Co. of America 
to the San Francisco office where he 
is an architectural specialist. 





EFFICIENT HANDLING with 
TRAYS and BOXES engineered by 
STANDARD ALLOY 


Material handling equipment to meet the heating characteristics 


of the furnace 


to achieve longer life 
Alloy’s experienced engineering 


results from Standard 


Trays, boxes and belts are designed simply, sturdily to solve the 


specific handling problem involved 


Scores cf designs from the 


engineering files of Standard Alloy are available for any 


application 


For any operation concerning alloy castings 
fixtures, conveyors, roller hearths 


trays, containers 
etc consult Standard Alloy 


Write for the helpful 24-page catalog 


STANDARD ALLOY CO., INC. ctivecano to, onio 


€. A. Mansfield 
Ellicott Square 


CINCINNATI 
Pearson Browne 
ist National Bank Bidg 


PITTSBURGH 
Robert A. Schmidt 
404 Frick Bidg 


CLEVELAND 
C. B Jackson Sales & Engr. Co 
15201 St. Clair Ave 


DETROIT 
Gehringer & Forsyth 
(G1S¢ James Couzens Highway 


HOUSTON 
8. F. Coombs 
222! Telephone Ra 


PHILADELPHIA MINNEAPOLIS 
Towle & Sen R. E. Hayden 
18 W. Chelton Ave. Bidg 7445 First Ave. Se 


LONGMEADOW, MASS 
8B. G. Constantine 
Contre! Engineering Co 
5! Converse St. 


NEW YORK CITY 


R. B. Stecle 
254 West Sist St 


CHICAGO 
Harry N. Steffen 
4821 W. Cortland St 


MILWAUKEE 


Ed. P. Lindergres 
3748 W. Greenfield Ave. 
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Donald H. Thorburn @ has been 
named president of the Gas Machin- 
ery Co. (Canada), Ltd, Hamilton, 
Ont. Mr. Thorburn, on the executive 
council of the Ontario Chapter of the 
American Society for Metals, was 
formerly associated with several gas 
companies as well as the Public 
Utilities Commission of Ontario. 


Donald E. Babcock @, engineer 
at the Youngstown, Ohio, plant of the 
Republic Steel Corp., was awarded 
the American Iron and Steel Insti- 
tute Medal for his paper on “Sulphur 
Control and Manganese Conservation 
in Open Hearth Furnaces”, presented 
at the Institute meeting in 1949. 


Redolf Lowit @, formerly genera! 
manager of the Elmet Div., Lewiston, 
Maine, of North American Philips Co., 
Inc., has been appointed vice-presi 
dent in charge of this division. 


Having accepted a position of 
mechanical engineer with American 
Smelting and Refining Co., Orest A. 
Meykar © is now engaged in mech- 
anization project at their subsidiary, 
Buchans Mining Co., Ltd., Buchans, 
Newfoundland, Canada. 


Joseph R. Lane @ is now head of 
the high-temperature metallurgy 
branch of the metallurgy division of 
the Naval Research 
Washington, D. C. 

Frank J. Bubsey © is now metal- 
lurgist and process engineer at the 
American Blower 
Ohio. 


Laboratory, 


Corp., Columbus, 


David J. Greer @, formerly with 
Appalachian Smelting & Refining Co., 
has accepted a position with the Tin 
Processing Corp., Texas City, Tex., as 
assistant chief chemist of the metal- 
lurgical laboratories. 


D. K. Miner @, who has been a 
trainee at the General Electric Co. 
since his graduation from Michigan 
State College, has been assigned the 
position of engineer in the materials 
and process group of the aircraft 
gas turbine division in West 
Mass. 


Lynn, 


Ernest G. Kendall @, formerly an 
instructor in metallurgical engineer- 
ing at the Polytechnic Institute of 
Brooklyn, is now with the develop- 
ment department of the 
Div., National 
Amboy, N. J. 


After 


course of 


Titanium 


Lead Co., South 


completion of the loop 
Bethlehem Steel Co. at 
Bethlehem and Johnstown, Pa., Ralph 
Duffett, Jr.. @ has worked in the 
metallurgical department and has re- 
cently been promoted to stripper 
foreman in the openhearth depart- 
ment of the Johnstown plant. 





A SAFEGUARD 
FOR COMBUSTION 


that speaks its mind! 





SPECIFY FLAME-OTROL—for safe and efficient 
operation of all types of oil and gas fired burners for 
furnaces, ovens, boilers, kilns and other heating 
equipment. It speaks its mind through colored light 
signals to keep you constantly informed of all phases of its 
service—from automatic self-proving safe start to safe 
shut-off at the slightest indication of improper operation. 
For combustion safety—specify the new Wheelco 

1300 FLAME-OTROL, a compact completely engineered 
package providing more safety, economy and uninterrupted 
operation than any other combustion safeguard on 


the market. 


get all these benefits in one compact unit! 





Instantaneous protection— 


Plus Waiting period not subject 
to human error— 

Plus Shut down or repeat of 
“lighting-off” cycle at operator's 
discretion— 

plas Automatic check of all in- 
ternal components to insure safe 
“lighting-off” — 

plus Selective and adjustable tim- 
ing programs for Ignition cycles, 
purging and pre-ventilation— 
plas Constant visual indication of 
burner system operation— 

plus Completely engineered pack- 
age for economy of cost and in- 
stallation— 


All operations protected against all hazards created by sticking relays. 


Write fer Belletin F2-2, Wheelce Instruments Compony, 635 W. Horrisen Street, Chicage 7, Ilinels 


Electronic circuit 
Automatic tube warm-up 


Reset button 
Safe-start component check 


Easily Sage eer with inter- 


changeable plug-in units 
Built-in signalling system 


Built-in push-button start elimi- 
nating external installation 








safeguord systems 
designed by Wheeico 
comply with oll the 
stondord practices 





Get Wheetce instr urns nial iy — 
" combustion ssteguards re 
Conteng indecatng end controll 


10g (net ements 


wheelco electronic controls 
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A 7 MLESS “EIRCLES? 


Cutting Stainless Steel to shape is easy—when you have the 
proper equipment. 

G. O. Carlson, Inc. regularly supplies diameters from our own 
plate in sizes ranging from less than one inch to the world’s largest 
—+to your precise specifications, in any thickness. 

You usually save money and time by ordering diameters, 
circles, rings, and heads from G. O. Carlson, Inc. Highly specialized 
cutting facilities for Stainless Steel have been developed at our plant 
to handle a wide range of requirements. Why not take advantage 
of our equipment? 

Send us your next order for stainless steel diameters—pro- 
duced from plate to chemical industry standards, cut to your order 


ready to use. 


‘-CARLSON, we. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS « BILLETS « BARS ¢ SHEETS (No. | Finish) 
District Sales Offices and Warehouse Distributors in Principal Cities 
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Personals 





George A. Barker @, former secre- 
tary-treasurer and vice-chairman of 
the Lehigh Valley Chapter, American 
Society for Metals, has been trans- 
ferred by Bethlehem Steel Co. from 
supervisor of specifications and ex- 
perimental department of the metal- 
lurgical division of the Bethlehem, 
Pa., plant to the New York City sales 
office to head forging and casting 
sales. 


Philip R. White @, who received 
his M.S. from Columbia University 
in 1949, is at present a research 
metallurgist at the General Motors’ 
Research Laboratories Division in 
Detroit. 


Edward R. Bergin ©, formerly 
assistant superintendent of the ma- 
chine shop at Chase Brass & Copper 
Co., has been appointed sales engi- 
neer in the New England district by 
Peterson Steels, Inc., Newark, N. J. 


Formerly assistant metallurgist 
of Dominion Engineering Works, 
H. M. Brownrigg © has been ap- 
pointed assistant works manager of 
the Joliette Steel Div., Dominion 
Brake Shoe Co., Joliette, Quebec. 


Lewis N. Rohrbach ©, formerly 
owner of Mineral Research Labora- 
tory, is now employed by the Morgan 
Petroleum Corp., Akron, Ohio, as 
mineralogist and authorized repre- 
sentative in the sales division. 


After graduation from the Uni- 
versity of Michigan with a B.S.E., 
William E. Hopkins @ is now work- 
ing as a trainee for American Brake 
Shoe Co., Mahwah, N. J. 


W. G. Irwin @, following gradua- 
tion from the University of Toronto, 
has accepted a position with the engi- 
neering staff of Marathon Paper Mills 
of Canada, Ltd., Marathon, Ontario. 


Edwin N. Hess @ has recently 
accepted a position as trainee in the 
inventory and production control de 
partments at the Phoenix, Ariz., plant 
of Reynolds Metals Co. 


A. E. Zeisel @ announces the for 
mation of Frigilatem Welding Alloys, 
Ine., Neptune, N. J., of which he is 
president. 


Sylvester D. Donohue @, formerly 
sales representative with the Burden 
Bryant Co., is now general manager 
and assistant treasurer, Donohue Coal 
Co., Worcester, Mass. 





When a TAM field 


You can obtain a wealth of practical, useful and 
authoritative information by discussing your 
technical problems with a TAM sales engineer. 
He's well equipped to work for and with you. 
More than ten years ago he received his degree 
in Metallurgical Engineering from cne of our 
leading universities. Since then, his education 
has been broadened by wide experience. In the 
field, he has been called upon to assist in the 
solution of simple and complex problems. He has 
had his coat off and his hand-in on more than 


engineer calls... 


o few plant projects. His advance information 
on new metallurgical developments and appli- 
cations is o valuable asset. 


Here is a mon ready to work with you. You will 
find him intelligent and cooperative — quick to 
understand your problems. Furthermore, he is 
your direct contact with a fully equipped and 
staffed headquorters thot is the source of much 
worthwhile information ond dota. When your 
TAM engineer calls, get the full value that his 
background offers you. 


TAM 
PRODUCTS 


“TAM is o registered trodemork 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Office: 11] BROADWAY NEW YORK CITY - General Offices. Works 


and Research Laboratories: NIAGARA FALLS 


ee er Le a or 
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he Universally Recognized Leader in 


WARONESS TESTING 


Instruments, Equipment and Accessories 


There is only one measure of value in hardness 
testing equipment: Dependable Acc:racy. 

For 28 years, Wilson has made a full time job 
of providing equipment for research, educa- 
tional and industrial hardness testing. The 
Wilson Standardizing Laboratory has been 
largely responsible for Wilson-made equipment 
becoming the universally accepted standard. 

Choose your Wilson hardness testing instru- 
ment on the basis of your individ | 
requirements with pre-assurance of de- 
pendable accuracy. 


 TUKON-‘o. micro-indentation hardness 
testing with either Knoop or 136° Diamond 
Pyramid Indenter. Made in 3 models to cover 
the full range of Micro and Macro Hardness 
testing with loads from 1 to 50,000 grams. 


wer ¥ " 

' MROCKWELL” Hardness Tester 
developed and made only by Wilson. For labora- 
tory, toolroom or production line testing. Vertical 
capacities from 34” to 16”. Motorized models 
available. 


ROCKWELL /uperficial 

} HARDNESS TESTER—especially suited for test- 
ing thin material, nitrided or lightly carburized steel 
and areas too small for regular “ROCKWELL” Hard- 
ness Tests. Depth of indentation .005” or less. Satis- 


factory for general testing where surfaces are smooth 
and materials homogeneous. 


“BRALE” is the only diamond indenter made to Wilson's 
precision standards. e TEST BLOCKS—enable you to keep your 
instrument “Laboratory” accurate. e EQUITRON—fixture pro- 
vides means for accurately positioning test samples. e ADAPTER— 
permits testing inner cylindrical surfaces with unimpaired accuracy. 
e WorK SuPpPpoRTS — facilitate testing of variously shaped rod 
stock, tubing or irregular shapes. 


FOR DETAILED INFORMATION 
—fill in the coupon below and mail to us. 





WILSON MECHANICAL INSTRUMENT CO., INC. =—" 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC 
230-F PARK AVENUE, NEW YORK 17,N_Y 


Please send me further information on the subject checked: 


TUKON [) “ROCKWELL” Hardness Tester [J 
“ROCKWELL” Superficial [] Accessories [1] 


NAME 
TITLE... 


COMPANY NAME 


ADDRESS 
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THE procedure in making a high- 

temperature test run in the ap- 
paratus described on p. 86 and 87 
was as follows: A resonant fre- 
quency determination was first 
made with the specimen suspended 
outside the furnace. Oscillator and 
amplifier gains were advanced 
about 4% each; the oscilloscope gain 
was set at about %. The oscillator 
was tuned through the expected 
frequency range, and when a reso- 
nance peak was noted on the oscil- 
loscope, the oscillator was held at 
the corresponding frequency while 
the node points of the specimen 
were located by laying a wire on it 
at a number of points along its 
length. If the vibration was not in 
the first mode, the oscillator was 
retuned in the proper direction 
and the check was repeated until 
the first mode resonance peak was 
found. The corresponding fre- 
quency was then measured on the 
frequency bridge. 

The specimen was carefully re- 
suspended inside the furnace, still 
at room temperature, and the reso- 
nant frequency was rechecked. 
Then the power to the furnace was 
turned on and frequency measure- 
ments were taken simultaneously 
with temperature readings at tem- 
perature intervals of 100, 50 or 
25°F. By making the mode check 
at room temperature, and following 
the frequency-temperature curve at 
sufliciently small temperature incre- 
ments, the operator could be quite 
sure that the specimen was vibrat- 
ing in the first mode at all tempera- 
tures. When the maximum 
temperature of the run was reached, 
the furnace power was shut off and 
the frequency was measured at a 
number of temperatures during the 
furnace cooling of the specimen. A 
redetermination of the room te 
perature resonant frequency after 
cooling was routine The rate of 
heating for most of the determina 
tions reported was about 10 to 15 
F. per min. Specimens were fur- 


nace cooled at a much slower rate 


Equations 


The fundamental equation for 
the transverse vibration of a “free 
free” beam is given by J. P. Den 
Hartog® and other authors on me 
chanical vibrations. Derivation 
from this of a working equation for 
a cylindrical (Cont, on p. 98) 





It can show you 
the heartbeat of a car radio — 


ry 
You could cover pages with cal 
culations about a car radio vibrato: 
You could fill sheets with figures on 
inertia and elasticity of its vibrating 
elements—and yet not be sure exactly 
how the rapidly moving parts do be- 
have in action. 

This is where high speed movies come 
in—the kind of “slow motion” you get 
from the Kodak High Speed Camera. It's 
a simple, airect means to record and 
study high speed repetitive mechanical 
motion .. . the only way to see dynam 
ically what happens in non-cyclic high 
speed action. 

The Kodak High Speed Camera can 
take a second ot action and spre ad it ovet 
three minutes. It can put flash marks along 
the side of the film that time the motion 
accurately. Its optical system gives the 
extra picture sharpness you need to see 
a vital point clearly 

This camera is a single unit with one 
motor, complete in itself and easy to 
operate. If you would like to know how it 
works and how it can help you, send the 
coupon, 


EASTMAN KODAK COMPANY 
Industrial Photographic Division 
Rochester 4, N. Y. 
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The furnace can be oper- 
ated automatically, or 
manually, by push-button 
controls. To save time, the 
temperature is built up 
between cycles to a point 
higher than necessary; 
then the normal operating 
temperature control is re- 
sumed after the cool parts 
enter the furnace. The 
quench tank handles the 
full load in one operation. 


You'll be able to handle a 
wide variety of jobs at tem- 
peratures ranging from 
400° to 1700° F., and get 
clean, scale-free work. All 
contamination is removed 
by a high flow of gener- 
ator gas in the vestibule. 
The furnace fan circulates 
atmosphere so that parts 
loaded loose or dense—-are 
processed uniformly. 


mum floor space, no pit 
for the quenching tank. It 
can be moved easily— as a 
unit—to any part of the 
production line. Trays last 
longer because they are 
carried—-not pushed or 
pulled while hot. 


Want more information? Write us today! 


6545 EPWORTH BivD. 


CHICAGO 9 CLEVELAND 2 


C. 4. Martin, A.A. Engeihardt Wallace F. Schott 
4209 South Western Bivd 


6516 Detrost St 


5724 Navigation Bivd 


HOUSTON 1 
R_E. McArdle 


CANADA 
Walker Metal Products, Lid 
Windsor, Ontario 
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(Starts on p. 96) specimen, and con- 
version to proper units, gives an 
equation identical to that given by 
Roberts and Nortcliffe for a cylin 
drical specimen,* except for a dif- 
ference of 0.2% in the constant. 
This difference in the constant may 
be accounted for by the limited 
number of significant figures in the 
constant of the fundamental equa- 
tion given by Den Hartog. 

The equation given by Roberts 
and Nortcliffe for a cylindrical 
specimen,® converted to the desired 
units, is: 


.; *} w 
E = 0918-10 ( a ) Tdsetd) f* psi 
(1) 
elastic (Young's) modulus in 
psi. 
1 = length of specimen in inches 
d=diameter of specimen in 
inches 
weight of specimen in grams 
thermal coefficient of expan- 
sion of specimen per “F. 
temperature of determination 
in °F. 
fundamental frequency of 
resonant vibration of speci- 
men in cycles per second 


where E 


For a rectangular specimen the 
equation is: 
l 
E = 0.541-10°.- . f° psi 
bh { at) 


i?) 
The terms are the same except 


b = width of specimen in inches 
h = thickness of specimen in inches 


Equation (2) is derived from 
equation (1) by substituting for the 
moment of inertia of a circular 


d‘ 
wd ) , that of a rec 


cross section ( : 
64 


tangular cross section (or) . In 


either of these equations, the term 
w 
! (wd?2/4) 


(cylindrical specimen) 


or bk (rectangular specimen) may 
be taken out and replaced by the 
density, d, if an accurate figure is 
available for the test material. 
Roberts and Nortcliffe indicated 
an accuracy of about 2% for elastic 
moduli determined dynamically, 
using the equation from which 
Equations (1) and (2) were de 
rived. Their apparatus was similar 
to that described on p. 86 and 87, 
and they used the 6-in. long cylin 
drical specimens. Since the accu 
racy attainable with the sheet 
specimens was not considered to be 
so high as with (Cont. on p. 100) 
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Just how important 
cutting oils are" 


reports a Midwest Machine Shop Superintendent. 


“Sure, we knew different operations required different cutting oils, 
But it wasn't until we got into real trouble over rejects of one 
tricky part that we called in a Cities Service specialist 

That's when we learned about the complete line of oils available 
for specific applications. Now we don't set up a job without Cities 
Service expert advice on the right type of cutting fluid.” 

On all machining operations requiring cutting fluids, the correct 
tooling and the right type of cutting fluid will help give you these 
extra production benefits: 

* Longer Tool Life Greater Accuracy 
*« Better Finish * Higher Speed Operation 
+ Closer Tolerance 4 Increased Production 


A complete line of Petroleum Products for the Metal Working 
Industry including the following well-known brands: Chillo, Pace- 
maker, Q-T, Sentry, Optimus, etc. 


CITIES 


es 
SERVICE = cestire vrreottun 


PRODUCTS 
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Cities Service Or Co 
Sixty Wall Tower, Room 635 
New York 5, N. Y 


Please send me, without obligation, a copy of 
“Metal Cutting Fluids 
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(Starts on p. 96) the cylindrical 
specimen, this accuracy figure 
doubtless was not so good for some 
of the data reported here. For most 
of the values reported, an accuracy 
of 3% appears reasonable. The 
dynamic modulus measured at fre- 
quencies of the order of 1000 cycles 
per sec. is essentially adiabatic, 
whereas the modulus measured in 


static tests is isothermal. Roberts 
and Nortcliffe reported that the dif- 
ference between adiabatic and iso- 
thermal moduli was less than 0.5% 
for most steels, so they neglected it. 
Hearmon,’ in his excellent review 
on elastic constants and anisotropy, 
has shown an equation for calculat- 
ing the difference between iso- 
thermal and adiabatic moduli, and 
some typical values of the differ- 
He indicated that the differ- 
ence is almost invariably smaller, 
often considerably smaller, than the 
error of measurement of the modu- 
lus, even by the 
methods. 


ence, 


most advanced 
This difference has been 
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Heat Treat M 


PARK-KASE 5 


WATER SOLUBLE 
LIQUID CARBURIZER SZ 


en DEMAND 








Pe 


Automotive door parts. Carburized up to 40 
min. in PK.5C at 1500° F. oil-quenched. Case 
depths .008" to 012". All parts codmium 
pleted after casing in free-cleaning PK-5C 


Screw nut SAE 1118 ofl quenched from PK.5C 
at 1550° F. 2 hours case depth 

Jock screw SAE 1027. In PK.SC for 20 min 
roller quenched in oil. Pieces washed and 
ploted 


Pinking shear blades 014" case in 1 hour at 
1 F. in PK.SC. Oil quench 


HEAT TREAT SUPER- 

visors tell us that 

Park-Kase 5-C gives 

them absolutely 

trouble-free salt bath 

liquid carburizing; cuts 

time all around; re- 

quires no skilled help, yet assures ac- 
curate control. 

EVEN THE MOST INTRICATE PARTS can 
be quickly cleaned from water-soluble 
Park-Kase 5-C, emerge with a gleaming, 
silvery finish, suitable for plating or 
not, as required. 

FAST, REPRODUCIBLE CASES can be 
easily held to close limits for accurate, 
dependable work at temperatures up to 
1750 degrees. 

NON-HYGROSCOPIC PARK-KASE 5-C 
won't corrode metal pots, fixtures or 
finished work; won't precipitate sludge; 
won't foam during operation or while 
additions are being made. A carbon 
cover forms to protect men from ex- 
cessive heat and fumes. 

An extremely fluid bath, Park-Kase 5-C 
requires a light-weight original charge 
and maintains efficient carburizing ac- 
tivity by the replenishment of normal 
dragout. Park-Kase 5-E Energizer is 
added where conditions of unusually 
low replenishment are present. 

Send for new 4-page technical bulletin, 


peak 


CHEMICAL COMPANY 
8074 MILITARY AVE 
DETROIT 4, MICH. 
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neglected in the modulus values 
presented here, but it has been con- 
sidered in the 3% accuracy figure. 

Calculation has shown that for 
most of the tests an error of 5° F. 
in temperature measurement of the 
specimen could not have accounted 
for an error greater than about 
0.5% in the modulus, except in one 
or two tests at temperatures above 
1200° F. Most of the temperatures 
reported are considered accurate to 
better than +5° F. Slower heating 
rates than those used here should 
increase the accuracy of tempera- 
ture measurement. 
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INDUCTION 


HEAT 


PERMITS 2 OZ. 
TOLERANCE 


ON 
HIGH SPEED 
FORGING 


PRESS 


It previously took 8 to 10 drops of a hammer, with 
slow flow of metal, to achieve close tolerances 
required for connecting rod forgings. But this lead- 
ing automobile plant recently combined scale- 
free, closely controlled Ajax-Northrup heat with 
improved die design, and pioneered the devel- 
opment of rods press-forged at unheard-of pro- 
duction rates. 


Clean, fast induction heat now saves tons of steel 
yearly in many forge shops. Increases die life as 
much as 20%. No abrasive scale, and accurate 
timing prevents overheated dies. A bank of Ajax- 


AJAX 
ELECTROTHERMIC 
CORPORATION 


AJAX PARK, TRENTON 5, N. J. 


Northrup heaters at each machine handles several 
sizes of stock, heating variable lengths with quickly 
adjustable timing and feeding devices so that jobs 
can be changed in a jiffy. Saves start-up time; the 
first hot billet is ready in seconds. No need to 
“pull"’ stock during shut-downs—just push the 
“off’’ button instead. Working conditions are 
better, too. 


Whether you want to improve quality or reduce 
costs, you'll find the right answer in Ajax-Northrup. 
Over 33 years experience in successful induction 
heating and melting. 
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F YOU need a compact source of 

atmosphere gas, save time and 
money, specify Kemp! Two new Kemp 
Atmosphere Generators (models 
MIHE-1 and 2) deliver 1000 and 2000 
cfh respectively. Both offer all features 
of larger equipment: push button 
starting, automatic fire check, flow 
meter, etc. . . and assure that you get 
same analysis gas from 1°) to 100° 
of capacity. 


FOOL PROOF OPERATION 


Kemp Generators burn ordinary gas 
just as it comes from the mains. A 
famous Kemp Carburetor, part of each 
installation, assures complete com- 
bustion without “tinkering” to produce 


a clean, chemically inert gas contain- 
ing 88°, nitrogen, 12°, CO*...a gas 
so pure it is used without further pro- 
cessing in copper annealing and in the 
manufacture of aspirin and /aboratory 
chemicals, fine paints and a host of 
other products. 


WRITE FOR DATA 


Whether you need inerts for purging, 
fire protection blanketing or 
any steel application . . . specify Kemp. 
For technical information write for 
Bulletin 1-11. To find out how you can 
benefit: Tell us how you produce 
atmosphere gas now; we'll show you 
how Kemp can solve your problem. 
Mai Coupon today! 


------ 7 


ATMOSPHERE GAS GENERATORS 
THE C. M. KEMP MFG. CO., Dept. D-7 | 


OF BALTIMORE 
| 


CARBURETORS 
BURNERS 
FIRE CHECKS 


ATMOSPHERE 
GENERATORS 


ADSORPTIVE DRYERS 
METAL MELTING UNITS 
SINGEING EQUIPMENT 
SPECIAL EQUIPMENT 


405 E. Oliver St., Baltimore 2, Md. 


Gentlemen: Send me information on Kemp Gener- 
ators. | am interested in Bulletin 1-11; data on 
larger equipment. 
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(Starts on page 77) 

central nervous system. When in- 
haled, their vapors can cause irri- 
tation of the mucous membrane of 
the lungs, loss of consciousness and 
death by asphyxiation. In common 
with other degreasing agents, sol 
vents cause varying degrees of der- 
matitis, and, damaged, the 
skin becomes more susceptible to 
further injury from 
abrasion, heat, radiation, allergents, 
chemical irritants and secondary 
infections. 

Volatile solvents enter the body 
chiefly through the respiratory 
passages; however, appreciable 
amounts may be absorbed through 
the skin. Inhaled vapors of a sol- 
vent pass directly into the general 
circulation and are distributed to 
the heart and the central nervous 
system. They may produce a gen- 
eral toxic effect without injuring 
the respiratory tract, or a mixed 
effect, including local irritation. 

It is important in industry to 
recognize any signs of toxic reac- 
tions as early as possible, in order 
to institute proper measures for 
their control. The effects of over- 
exposure to a solvent vapor are not 
always specific, especially in early 
stages or exposure to limited con- 
centrations. Irritation or depression 
of the central nervous system may 
cause a diversity of 
which may lead to classifying an 
employee as neurasthenic, 
tric, intemperate or 
intestinal irritation with nausea, 
vomiting and abdominal pain is 
frequently seen with different types 
of intoxication. Damage to liver, 
kidney, heart, blood and blood 
generating organs are more specific, 
but are not typical of intoxication 
to any one solvent. 

Naphtha In 
plants, a 
point is 
solvent 


once 


mechanical 


symptoms 


eccen- 


lazy. Gastro- 


manufacturing 
naphtha of high flash 
generally the petroleum 
used for degreasing pur- 
Such a solvent has the ad- 
vantage of a relatively low toxicity 
(maximum allowable concentra- 
tion*® 500 parts per million parts 
of air). On the other hand petro- 
leum naphthas are flammable, and 
fire and explosion hazards attend 
their use. The effects of toxic quan- 
*Threshold limit adopted at 
American Conference of Govern- 
mental Industrial Hygienists, 1948. 
(Continued on page 10%) 
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LEPEL offer 2 Wew 


Alloy Castings for the 
HEAT-TREATING INDUSTRY 


Economical Fahrite alloy 
castings can be made to 
withstand severe thermal 
shock. The grade of Fahrite 

depends on the application. 
Let our engineers and metallurgists 

enolyze the requirements 

of your heat ond corrosion 


problems. 


e ECONOMICAL 
o} 44:7-B8le), | 


e@ FULLY GUARANTEED 


e LOW COST | >780°° 


WILL HEAT TO 1500 F 


LEPEL HIGH FREQUENCY LABORATORIES. in } 


® @ WRITE FOR LEPEL CATALOG MP1 © © 
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CAST SPECIAL 


SHAPES QUICKLY 


LAO 


EASILY 


ase: 
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Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 

For use 


ore SUOOF— 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 

For use 


oro” 2B00F — H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 

For use 


cere” 2400F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 
For use 


oro” 2400F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 

The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, write to Johns-Manville, 

Box 290, New York 16, N. Y. 


*Reg. U. S. Pat. Of 


Johns-Manville 


FIRECRETE 


‘‘The Standard in Castables’’ 
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(Starts on page 77) 
tities on personnel may be visual 
disturbances, headache, dizziness, 
drowsiness, nausea, vomiting, and 
sometimes a condition resembling 
alcohol intoxication. Acute expo 
sures may result in asphyxiation. 
In the plants investigated, the 
solvent was used for degreasing 
small metal parts only. Usually, the 
solvent was held in safety cans, and 
inhalation of vapor presented a 
greater hazard than the possibility 
of fire. 
cept for certain discontinuous proc 
esses, mechanical ventilation should 
be supplied to keep vapor concen 
tration below safe limits. This con- 
trol measure not only will reduce 
the inhalation hazard but will also 
reduce the possibility of explosion 
Under no conditions should 
personnel use petroleum naphtha in 
confined spaces without adequate 
mechanical ventilation, unless an 
air mask is worn. The same rule 
applies to the operation of cleaning 
solvent tanks and containers.  Fi- 
nally, safety containers should be 
used to hold the solvent and flat 
open pans avoided. 
While the toxicity of 
lead-free gasoline is in the same 
general range as the petroleum 
naphtha, it is a highly volatile, lam 
mable substance which gives con 
siderable hazard, both fire and 
health, under the usual condition 
of use. The effects of toxic quanti 
ties are similar to those of naphtha 
A safer solvent can usually be found 
Leaded gasoline presents the 
additional hazard of exposure to 
toxic lead compounds. It should 
never be used for cleaning or de 
greasing, and effort should always 
be made to avoid prolonged skin 
contact or inhalation of its vapors 
Trichloroethylene Certain 
chlorinated solvents have also been 
found excellent degreasing agents 
and possess the added advantage of 
being nonflammable at working 
temperatures. Recent investigations 
in northwestern Pennsylvania have 
shown that of the chlorinated de 
greasing solvents, trichloroethylene 
is used in the greatest number of 
plants. In 29 plants investigated, 27 
were using trichloroethylene, one 
was using carbon tetrachloride, and 
one was using perchloroethylens 
While an insufficient number of 
installations were investigated for 


For such application, ex- 


Gasoline 


a statistical study, (Cont. on p. 106 





A Lubricant that Works 
. from sub 0 to 3000 plus 


~ 

By Oss lubricants gum up at extremely low temperatures or break down at 

extremely high temperatures . .. but not Acheson’s specially processed “dag” 
colloidal graphite! 


This versatile material is dispersed in organic and inorganic carriers for positive 
transmission to the zone of lubrication . . . for effective concentration at those points 
... for friction-fighting that can’t be beat! 


“dag” colloidal graphite is unique in its combination of properties and uses. It is 
very slippery and extremely durable, anti-corrosive, gas adsorbent, chemically inert 
and, of course, highly resistant to heat 


In deep piercing you get smooth forgings, close tolerances and reduced wear on 
dies. In casting and mold stripping you get smooth surfaces, clean parting, fewer 
rejects; and additional mold life. 


In forging you minimize scaling and sticking, improve finish, lengthen die life. 


In stretch-forming you reduce tearing and rippling. In wire-drawing you get 
uniform diameter, better finish and greatly extended die life. 


Brass, bronze, aluminum, magnesium, carbon steel and stainless steel. . . wher- 
ever your fabrication problems are friction and heat ... “deg” colloidal graphite 
reduces the one and resists the other. 


The New Acheson Bulletin #426 on the Use of “dag” Colloidal Graphite in 
Metalworking operations is just off the press .. . a copy is ready for you if you will 
fill in and mail the coupon. 


ACHESON COLLOIDS CORPORATION 


Port Huron, Michigan 
Send me the New Send an Acheson 
Metalworking Bulletin #426 engineer 

NAME 

COMPANY 

STREET 

cITy 


STATE 
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Although perhaps best known for 
our special HY-TEN Alloy Steels, Wheelock, Lovejoy 
carries a full line of standard steels in stock for fast, 
dependable service from our warehouses. These stan- 
dard grades include: C-1117, A4615, E4617, A4620, 
A4140, A4142, A4145, A4150, A4340, etc. 


There are many advantages in using a single source 
for all your alloy steel needs, and Wheelock, Lovejoy 
offers these extra services — modern heat treating, 
testing and cutting, plus prompt delivery of blocks, 
rings, spindles and other forged shapes to your 
exact specifications. 


Call in your nearest Wheelock, Lovejoy metallur- 
gical expert — he represents a firm that is backed by 
over a century of experience in the use and applica- 
tion of fine steels. 


WL steels are metallurgically constant. This guarantees 
uniformity of chemistry, grain size, hardenability—thus eli- 
minating costly changes in heat treating specifications. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc 


134 Sidney \t., Cambridge 39, Mass. 
and Cleveland + Chicage + Detreill 
Hillside. \.}. * Bullale + Cincinnati 


5 7. we 
48484 4 . * 
| OVE: (yy ACO.. oe Serrice 
r | 4 | \ ( @ ‘ AMBIEN t CLEVELAND 


on HILESIDE NS 
DeTHOIT RULFFALO 
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In Canada 
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(Starts on p. 77) findings are in 
agreement with the study made by 
K. M. Morse and L. Goldberg.* 

Of the 27 plants using trichloro 
ethylene, 23 were degreasing in the 
familiar dip tanks equipped with 
condensing coils at a point below 
the top of the tank, and four were 
using enclosed degreasing appara- 
tus, through which the work was 
carried by a conveyer belt or chain. 
All the dip tanks employed vapor 
phase degreasing and three of the 
tanks were fitted for washing with 
a liquid solvent hosed on the work 
while it was still suspended in the 
tank at a point below the level of 
the condenser coil. 

Average concentrations of air 
borne solvent at the breathing level 
of the operators at the various ma 
chines, including enclosed ones 
ranged from 13 to 260 parts per 
million. Weighted average expo 
sures based on an &8-hr. work day 
and the actual time which opet 
ators were exposed per day did not 
exceed 82 parts per million rhe 
reduction in weighted exposures 
as compared with actual concen 
trations found at the tanks was duc 
in part to the fact that the operator 
did not spend all of his time in 
areas of high concentration, and 
also to the fact that machines often 
were not used continuously. In 
several small plants (100 to 400 
employees), degreasers were used 
as little as 3 hr. per day, and in two 
plants were used as little as 6 to 8 
hr. per week. In some of the plants, 
if the degreaser were used steadily 
as during war years, under condi 
tions as noted during the investi 
gation, it is probable that weighted 
exposures would be higher than the 
allowable limit of 100° parts tri 
chloroethylene per million parts of 
air 

The range of the average con 
centration of solvent vapor at the 
breathing level at ventilated dip 
tanks was 13 to 72 parts per mil 
lion, as compared with a range of 
15 to 260 parts per million 
unventilated tanks. The range of 
average concentrations at the opet 
ator’s breathing level for tne en 
closed automatic machines was 33 
to 82 parts per million. In connec 
tion with the dip tanks it was also 
noted that the speed of movement 
of work into and out of the tank 
had considerable (Cont. on p. 108) 


*/ndustrial Medicine. October 1943 
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foe bettec cesul ts at lowee costs 


FIT THE VALVE TO YOUR PROCESS 


VITAL to optimum operation of any control svstem is the selection of the proper valve 
for each application. What is gained through the superiority of the process equipment 


and its control may be lost through poor selection or sizing of the valves. 


Proper valve selection often is difficult. The type of inner valve, motor timing, torque 
rating, material and size . . . all must be chosen to fit the process conditions. Particular 
care should be given to valve sizing ... for a valve can perform best only when it is 
properly sized. 


Your local Honeywell engineer is qualified to render expert advice, will gladly help you 
select the correct valve for each specific application. The completely integrated line of 
Honeywell motorized control valves, a few of which are illustrated, enables him to make 


unbiased recommendations. 


For further information, call in vour local Honeywell engineer ... he is as near as your 
phone! Or write for Catalog 8202. Minneapous-Honevweit Receuraton Co., Industrial 
Division, 4503 Wayne Ave., Phila. 44, Pa. Offices in more than 80 principal cities of the 
United States, Canada and throughout the world. 


Honeywell 


BROWN INSTRUMENTS 


FOR METAL PROCESSING 
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BURRELL 
BOX and MUFFLE 
FURNACES 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC BOX and MUFFLE 
FURNACES for melting, sintering, 
heat treating, ignitions, etc. 


Write for Bulletins 315 and 515. 


BURRELL 


BURRELL 
TUBE FURNACE 


HIGH TEMPERATURE " UNIT-PACK- 
AGE” ELECTRIC TUBE FURNACES 
for determination of carbon or sulfur 
by combustion and for experimental 
or production purposes. 


Write for bulletin 310. 
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(Starts on p.77) influence on the 
concentration of solvent in air, as 
evidenced by the range of average 
concentration of 10 to 300 parts per 
million for introduction of work 
into the tanks, and a range of 17 to 
310 parts per million for removal 
of work. For these same tanks av 
erage concentrations of air-borne 
solvent during idling, or while load 
was being degreased, ranged from 
13 to 185 parts per million. 

From our observations it has 
been evident that care must be used 
in placing a load in the degreaser 
and in removing it from the de- 
greaser. In this respect we concur 
with Morse and Goldberg in recom- 
mending 20 ft. per min, as the limit- 
ing speed for movement of the load, 
with 12 ft. per min., or less, pre- 
ferred. We also recommend that 
care be exercised in maintaining 
condensing water at correct tem- 
perature, that loads be properly 
placed in baskets to allow complete 
drainage before removal from the 
tank, that automatic controls be 
used for maintaining proper solvent 
and solvent vapor temperature, that 
tanks be placed or guarded so as to 
prevent the effects of strong air cur 
rents blowing across the top of the 
tank, that tanks be placed where 
good general ventilation is avail 
able, and that operators be care 
fully instructed in proper operation 
of the degreasing tank. (This latter 
recommendation is one of the most 
important.) Care should also be 
used to avoid contact of solvent 
vapor with open flames or hot sur 
faces, because the products of de 
composition of the solvent are toxic 
and irritating. In addition the de 
composition products are corrosive 
to other materials and their control 
is, therefore, of 
importance 


direct) economic 


Finally, every precaution should 
be taken during the necessary peri 
odic cleanout of the tanks. In the 
performance of this task, personnel 
may be exposed to heavy concen 
trations of vapor, elimination of 
which is difficult by the usual me 
chanical ventilation For safety, 
workmen so exposed should be fur 
nished air masks and should work 
in pairs so that one may 


other if an accident does occur 


issist th 


Local exhaust ventilation has 
not been included as a general ree 
ommendation Our findings hay 


shown various (Cont, on p. 109 
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lzredo], G99 
Smooths out 

tough “P/NE TREE” 

Broaching Job! 


Photograph Cour- 

tesy The Lapointe 
Machine Tool Com- 
pony 

inset. Sketch of ‘pine 
tree’ slot broached in 
jet engine disc 


HERE is one of the most difficult 
broaching jobs that the metal- 
working industry has ever tackled 
and solved — cutting the “pine 
tree” shaped slot in exceptionally 
tough alloy steel jet engine discs. 


Stuart's THREDKUT 99 has 
rendered outstanding service for 
leading manufacturers in this field. 
Its combination of high anti-weld 
and high lubricity characteristics 
proved to be a 100% satisfactory 
solution to difficulties of this job. 


What is your broaching job? 
The toughest ones can be handled 
better, and the easy ones are easier 
with the right Stuart products! 
Ask for Stuart’s pamphlet OILS 
FOR BROACHING or call your 
nearby Stuart representative. 


p.A. Gtuart [Jil co. 


9473 So. Troy St., Chicego 23, Illinois 





ACP |. 


PHOSPHATE FINISHES 
TO 
MAKE YOUR PRODUCT 


DURABLE 


PAINT BONDING 


“Granodine” forms a zinciron phos 
phate-coating bond on sheet metal prod 
ucts automobile bodies and fenders, 
retrigerator cabinets, etc for o dur 
able, lustrous finish 

“Lithoform” mokes paint stick to gol 
vanized iron and other zinc and cod 
mium surfaces 

“Alodine", the new ACP protective 
coating chemical for aluminum, anchors 


the paint finish and protects the metal 


RUST PROOFING 


“Permedine”™, a zinc phosphate coat 
ing chemical, forms on steel an oil-od 
sorptive coating which bonds rust-in 
hibiting oils such as “Gronoleum.’ 

“Thermoil-Granodine", a manganese 
iron phosphate coating chemical, forms 
on steel ao dense crystalline coating 
which, when oiled or painted, inhibits 


corrosion 


PROTECTION FOR 
FRICTION SURFACES 


The oiled “Thermoil-Granodine” coat 
ing on pistons, piston rings, cranks, com 
shafts and other rubbing ports, allows 
safe breck-in operotion, eliminates 
meta!-to-metal contact, maintains lubri 
cation ond reduces the danger of scuff 
ing, scoring, galling welding and 
tearing 


IMPROVED DRAWING 
AND EXTRUSION 


“Granodraw” forms on pickled sur 
faces a tightly-bound adherent, zinc 
iron phosphate coating which facilitates 
the cold mechanical deformation of steel, 


improves drawing, and lengthens die life 





Write or call for more information on 

these products. Send for new descrip- 

tive folder on ACP Metol-Protective 
and Paint-Bonding Chemicals 
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(Starts on p.77) instances in which 
dip tanks with condensers’ have 
been operated so that maximum 
allowable concentrations of solvent 
were uot exceeded during opera- 
tion. However, installations should 
be considered individually, and lo- 
cal exhaust ventilation provided 
where needed. 

The symptoms of overexposure 
to trichloroethylene are irritation 
of the respiratory passages, dull- 
ness, dizziness, vomiting, stupor, 
and in acute exposures, uncon- 
sciousness, and death. The com- 
pound resembles chloroform and 
carbon tetrachloride in anesthetic 
effect, but it does not appear to 
cause liver damage. It may be ab- 
sorbed through the skin as well as 
by respiratory organs. 

Perchloroethylene is used for 
metal degreasing to a much lesser 
extent than trichloroethylene. The 
maximum allowable concentration 
of the vapor in the breathing at 
mosphere is 100 parts per million. 
Exposures of personnel to excessive 
concentrations of air-borne com- 
pound may give irritation of the 
mucous membrane, nausea and 
vomiting, loss of consciousness, and 
possible symptoms of liver, kidney 
and heart damage. Our investi- 
gations have shown that where it is 
used in a degreasing tank, the same 
care and caution must be observed 
in controlling exposures as when 
trichloroethylene is the solvent. We 
also found that the portable units 
designed for use with this solvent, 
and which were not equipped with 
condensers or exhaust ventilation, 
were, in general, provided with in 
sufficient control apparatus to pre 
vent accumulation of dangerous 
amounts of perchloroethylene in 
the air. These findings substantiate 
those of R. C. Crowley, C. B. Ford, 
and A. C. Stern,.* 

Carbon tetrachloride is a chlo- 
rinated hydrocarbon for which the 
maximum allowable concentration 
in the breathing atmosphere is 50 
parts per million. It was formerly 
used to some extent in degreasing 
machines but proved unsuitable for 
such purpose. In our investigations 
we have noted it being used solely 
in degreasing operations involving 
brushing or wiping the article with 
solvent. Its toxicity requires that 
excellent general (Cont. on p. 111) 

*Journal of Induatrial Hygiene 
and Toxicology, 1945. 
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At Fred Heinzelman & Sons 


WEW YORK. HY 


oe 


Shown here 1: the Pangborn Hydro Finish unit 
which set new records of Fred Heinzelman & 
Sons. A pioneer of heat treated dies, the com 
pony reports: Mydro-Finish removes heat treat 
oxide discoloration, cuts hond polishing 60% to 
70%, holds tolerances to @ precision .0001" | 


Find out how 
HYDRO-FINISH 
can save you money 


Hydro-Finish is the answer to 
modern cleaning, decorating and fin 
ishing problems. As Fred Heinzelman 
& Sons have found, Hydro-Finish vir 
tually eliminates tedious and expen 
sive hand buffing and polishing on tool 
and die maintenance. Now, dies with 
heavy oxide discolorations can be 


cleaned faster and at lower cost 


And, on the production line, Hydro- 
Finish assures better bonding, electro 
plating, painting—gives you the sur- 
face you want within .0001" with no 
pits, grooves or hard-to-clean imper 
fections left after cleaning 


For full information on the many 
ways Hydro-Finish can save you 
money, write today for Bulletin 1400 
to: PANGBORN CORPORATION, 1204 
Pangborn Bivd., Hagerstown, Md 


Pangborn 














THOUSANDS OF MEN” INTERESTED IN METALS VISIT THE 


METAL SHOW 


TO GET YOUR HELP IN ACHIEVING “ECONOMY-IN-PRODUCTION”’ 


@ The Metal Show is Tops! At the 
Metal Show in Cleveland last fall 
45,588 men viewed the exhibits— 
for years, the attendance of Execu 
tives, Metal Engineers and Buying 
Officials has exceeded 40,000. The 
Metal Show in Chicago next October 
will draw at least 40,000 men that 
are interested in anything and 
everything that will help them 
achieve "Economy-in-Production” 

And these men BUY! For example 
22% of last year's visitors decided 


to buy something they saw at the 


Metal Show. 10% bought some- 
thing different from what they 
planned after seeing it at the Metal 
Show. And 20% completed a deci- 
sion to buy something after secing 
it displayed at the Metal Show 


Nearly 400 manutacturers will 
exhibit at the Show. Be among 
them and secure your space NOW 
Write, wire or phone W. H. Eisen 
man, Managing Director, 7301 
Fuclid Avenue, Cleveland 4, Ohio, 
(UTah 1-0200) for floor plan and 


spac e reservation 


*35,588 Metal Men attended the Show in Cleveland last fall. Attendance 
Report No. 4 tells why they cam2, when they came, how long they stayed and 


what they thought. If you hover''t received your copy, 


write for it. 


OCT. 23-27, 1950 


INTERNATIONAL AMPHITHEATRE, CHICAGO, ILL. 


Sponsoring Societies 


American Society for Metals 


Institute of Metals Div.—A.1.M.E. 
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American Welding Society 


Society for Non-Destructive Testing 





Metal Degreasing 





(Starts on p. 77) ventilation or 
local exhaust ventilation be pro- 
vided for control of exposures dur- 
ing degreasing. Where it cannot be 
handled with safety, some other 
less toxic solvent should be substi- 
tuted or the operations redesigned. 
Where carbon tetrachloride is used 
under unsafe conditions, personnel 
exposed should be furnished with 
fresh air hose masks. 

Carbon tetrachloride has one of 
the lowest allowable limits of the 
degreasing solvents. In excessive 
concentrations it may cause symp- 
toms similar to those of trichloro- 
ethylene with additional symptoms 
of damage to the liver, kidney and 
heart. Early evidence of excessive 
concentrations may be irritation of 
the eyes and respiratory passages, 
headaches, and disturbances of the 
stomach. 

Chlorinated Solvent Mixtures - 
Our investigations revealed some 
use of chlorinated hydrocarbons in 
mixed solvents. This was noted 
particularly in connection with 
garages where such a solvent mix- 
ture has proved effective not only 
in removing grease, but also in re- 
moving gummy deposits from pis- 
tons and other parts of internal 
combustion motors. The solvent has 
generally been used in small, plain, 
rectangular tanks, although a pump 
may be added to the tank to allow 
for hose spraying of the liquid on 
the metal part. 

Actual exposures of personne! to 
toxic vapors may be highly variable 
for installations of this type, owing 
to the variability in the amount of 
work being performed. For safety, 
the installations should be checked 
by trained industrial hygiene per 
sonnel, and control measures added 
as shown necessary by determina 
tion of exposures. 

Chlorinated hydrocarbons have 
also been added to other solvents 
for example, petroleum naphthas 

to provide a metal degreasing 
mixture that would not be so flam 
mable as the naphtha alone. Where 
such mixtures are used, control is 
usually necessary to prevent haz 
ardous exposure to the chlorinated 
compound. Io addition, the vapor- 
ization characteristics of the mix- 
ture should be well known in order 
to avoid the possibility that all of 
the chlorinated compound may be 
evaporated, leaving a highly flam- 
mable solution. 8 





LOW-COST 


YDROGEN 


AND 


NITROGEN 


YOU effect real economies when you use Barrett Standard 
Anhydrous Ammonia as a replacement for other more ex- 
pensive sources of hydrogen and nitrogen. 


Barrett Standard Anhydrous Ammonia ( Refrigeration Grade) 
contains a minimum of 99.95°;, NH, and is oxygen free with 
a very low dew point. When dissociated, each pound produces 
approximately 34 cubic feet of hydrogen and 11 cubic feet 
of nitrogen. 


Engineers have discovered many advantages from the use 
of dissociated ammonia in the production of controlled at- 
mospheres in furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic oxides, atomic 
hydrogen welding, radio tube sealing and other metal-treat- 
ing practices. Anhydrous ammonia also has unsurpassed 
qualities in nitriding of steel, used as ammonia gas or dis- 
sociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 


The advice and help of Barrett technical men are available 
to Barrett customers without charge. For information, con- 
tact Barrett, America’s leading distributor of ammonia. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET. NEW YORK 6.N.¥ 
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Stress Relief, Especially of Weldments 





(Continued from page 80) 

“We also make casing to be put 
into the drilled oil well. The steel 
in this pipe has a yield point of 
about 45,000 psi. This pipe is com- 
pressed about 6% and the yield 
point in compression is raised 
above 80,000 psi. In this manner 
the casing is increased in collapse 
value by 20 to 35%. 

“The proof that residual stresses 
are practically eliminated is ob- 
tained by cutting short rings from 
such pipe both stretched and com- 
pressed and splitting them by a saw 
cut. If the cut does not open or 
close, the fact that the residual 
stresses are practically eliminated 
is demonstrated. Normally if a 
piece of pipe is so split which is in 
the as-welded condition, the ends 
will spring open or come together 
a considerable amount. 

“The next structure where over 
stressing reduces residual stresses 
is that of the pressure vessel. We 
have for a considerable time tested 
these vessels to twice the working 


pressure. The general factor of 
safety used in America is 4 on the 
minimum specified strength. The 
yield strength of normal pressure 
vessel steels is roughly 55% of the 
ultimate strength, If, therefore, 
there is high residual stress in such 
a vessel due to fabrication, it is 
smoothed out by the pressure test. 
The proof: No one can fabricate a 
pressure vessel without incurring 
residual stresses, yet many pressure 
vessels are not stress relieved by 
heat. After the test value of twice 
the working pressure is imposed 
we have tested several to failure. 
The pressure-volume curve of such 
tests shows that the yield and ulti- 
mate strengths of the vessel practi- 
cally coincide with the figured yield 
and ultimate stresses of the steel. 
The openings in such vessels need 
be reinforced and heads need be 
properly shaped to produce these 
results.” (End of Mr. Jasper’s let- 
ter to Professor Soete of the Belgian 
Institute of Welding.) 
(Continued on page 114 











GCC 


A Little Does a Lot 


GCC CERIUM METAL (Mischmetal) 
added in small quantities to many Fer- 
rous and Non-Ferrous Metals improves 
the metallurgical and mechanical proper- 
ties of the end products. 


Discover how a little does a lot by 
writing for our informative bulletins. 


GENERAL CERIUM CO. 


EDGEWATER. NEW JERSEY 





Vetal Progress; Page 112 





YOUR 
HARDNESS 
TESTER... 


IS ONLY AS 
GOOD AS THE 
DIAMOND IT 
USES 


Dependably accurate “Rock- 
well” testing results are ob- 
tained only when every part 
of your hardness testing 
equipment is made to preci- 
sion limits. That is why a 
correctly designed diamond 
penetrator is of such great 
importance. Always specify 
CLARK Diamond Cone Pen- 
etrators, both for Standard 
and for Superficial “Rock- 
well” testing. They are accu- 
rately made tothe proper size 
and shape; exactly formed by 
expert lappers. CLARK Pen- 
etrators are designed for use 
on all “Rockwell” type test- 
ing machines. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN. MICH. 
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What Are the Fields of Application 
for Super Refractories? 


Super refractories by CARBORUNDUM 
with excellent results 
range of industrial kilns and 
furnaces and for certain other special 
They 


wherever 


have beer used 


in a wide 


demon 
refractories are 
it 1s possible that super refracto 


ries may be profitably adapted to spe 


ized applications have 
strated that 


used 


cific areas of recommended usage 
However, in spite of their wide 
there is no pat formula 
each new installation 
considered individually. Ser 
vice requirements vary so between 
units, that even comparable furnaces 
may develop conditions demanding the 
use of different super refractories. Ac 


range of use 


for apy ication 


must be 





tual selection of super refractories can 
be based only on the specific operating 
conditions involved 

The field of application for super 
refractories is limited only by the eco 
their cost In 


nomic justification of 


some installations they are used to 
implement other refractories to im 
prove overall life. In still other cases 
they may completely replace common 
refractories to increase production, im- 
prove quality of work and even make 
new processes possible 

At the right are some of the applica- 
tions in which their special properties 
are used to good advantage 
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10.1 ths, 7.25 ths. 


Some of the Applications 
For Super Refractories 


Acetylene manufacturing furnaces 
Activeted corbon retorts 

Air turnoces 

Aluminum melting furnaces 
Annealing furnoces 

Assay furnoces 

Baking ovens 

Billet heoting furnaces 

Boiler settings 

Bone chor revivification furnoces 
Brass melting furnaces 

Butodiene monufacturing furnaces 
Cadmium retorts 

Cerbon brush furnaces 

Carbon black furnaces 

Carbon mononide furnaces 

Carbon dioside furnaces 

Corburizing furnaces 

Cement tilns 

Ceramic kilns 

Cool gas benches 

Cobalt retorts 

Copper melting and refining furnaces 
Crucible melting furnaces 

Cupoles 
Electric 
Ename frit furnaces 


furnoces 


Forging furnaces 

Gas producers 

Gas generators 

Glass tonks 

Gloss lehrs 

Gold smelting furnaces 

Heat treating furnaces 
Hydrocarbon cracking furnaces 
Hydrogen monufacturing furnaces 
Incinerators 

Ladies 

Lime kilns 

Lithopone kilns 

Malleable onnealing furnaces 
Magnesium reduction furnaces 
Muffle furnaces 

Muriotic acid furneces 

Oil refining stills 

Oleum monufacturing furnaces 
Open hearth furnaces 
Phosphate furnaces 

Porcelain enameling furnaces 
Pottery kilns 

Recuperotors 

Regenerctors 

Reheating furnaces 

Retorts 

Reverberatory furnaces 

Rock wool furnaces 

Rotary kilns 

Slog woo! furnoces 

Smelting furnoces 

Soaking pits 

Styrene manufacturing furnoces 
Sulphur burners 

Tunnel kilns 

Varnish fires 

Welding furnaces 

Zinc distillation 

Zinc refining 

Zinc retorts 





"Carborandum,” “Carbotrax,” " Mullirax, 


’ "Silfrax,’ 


“Alfrax” ave registered trademarks which indicate manuljacture by The Carborundum Company 


Address all correspondence to: Dept. C-70, THE CARBORUNDUM COMPANY, Refractories Division, Perth Amboy, New Jersey 


Continved on other side =» 





ILE ome 


ce th mae ata NO © 


wn 








+= Continued from other side 


Water Gas Generators — Another Super Refractory Application 


Four principal benefits result when 
water gas generators are equipped with 
CARBOFRAX silicon carbide linings: 

1. Faster and Easier Cleaning: Clink- 


= a nes 


ers do not become embedded in the 
hard brickwork. Barring off is faster, 
easier and more complete. Cleaning 
time is reduced 30 to 50%. 
2. Increased set capacity: Shorter 
cleaning time means units are on the 
line longer. They stay hotter — get 
back into production faster. The entire 
grate and * area stay clear of clinkers 
longer. This results in better fuel com- 
bustion and increased gas-make. 
3. Longer lining life: A service life 
usually 3, 5 or more times that of ordi- 
nary linings. CARBOFRAX brick have 
high resistance to flame erosion spall- 
ing, cracking and mechanical abrasion. 
4. Lower operating costs: Repeated 
repairs and replacements are eliminated. 
Shorter cleaning periods mean further 
savings 

The characteristics of CARBOFRAX 
refractories which have made the fore- 
going results possible also are used 
advantageously in producing blue gas 
and oil gas. These refractories are like- 
wise employed for new gas making 
and reforming processes. 


Boilers, too, Need Super Refractories 


Shown here is a typical spreader stoker 
fired boiler with power operated dump 


grates. CARBOFRAX silicon carbide 
brick are used in front, side and bridge 
walls. Above the CARBOFRAX brick in 
the side walls, MULLFRAX electric fur- 
nace mullite brick are used. The unique 
properties of these two super refrac 
tories effectively minimize maintenance 
costs, eliminate frequent boiler shut 
downs, increase steam production and 
improve combustion conditions 

In the fuel bed zone CARBOFRAX 
brick help maintain full grate area 
by offering little or no footing for 
clinker accumulations. Whatever clinker 
build up there is can be easily removed 
with a slice bar without impairing the 
face of these hard dense brick. They 
also resist cut-backs due to their high 


resistance to flame erosion and me 
chanical abrasion 

CARBOFRAX piers and arches in the 
front wall combat the very high tem 
peratures developed here. They with 
stand erosive action of coal being 
kicked into the furnace, resist slag 
penetration, and minimize spalling and 
cracking to prolong service life 

MULLFRAX brick are installed in the 
upper walls because of their unique 
resistance to fluid ash. Their chemical 
effectively retards erosion 
They remain hard at high temperatures 
thereby resisting clinker formations 
and mechanical wear 

This combination of CARBOFRAX and 
MULLFRAX brick is being used suc 
cessfully in many types of stoker-fired 
boiler furnaces 


inertness 


Super Refractory Ideal 
for Kiln Furniture 


This picture of a vitrified hotel china 
kiln car superstructure was taken after 
80 trips — with no rebuilding. Notice 
the straight, level CARBOFRAX silicon 
carbide setter tile. Note, too, the ex- 
cellent condition of the CARBOFRAX 
I-beam posts despite the heavy loads 
carried. Also of interest is the fill ob- 
tained with this design of setting 

CARBOFRAX setters with their high 
hot strength minimize warpage. They 
stay clean there is no boiling or 
bliscering. Their unique thermal shock 
resistance minimizes cracking 

High density and refractoriness of 
the CARBOFRAX I-beam posts prevent 
“squatting.” “Cornering” also is elim- 
inated. Post life is extended to cut 
replacement cost and frequency of re 
builds. With a relatively thin web and 
smaller pads these posts make ware 
placing easier and faster increase 
car pay-load 

Put to work as kiln furniture for 
various Operations, CARBOFRAX setters 
and posts result in definite economies 
per piece or per dozen of ware fired 


To obtain facts and figures on installa- 
| tions in specific fields merely select 
| from this list of bulletins. Copies will be 
| sent you at once. No obligation, of course. 
| Super Refractories by CARBORUNDUM 
(general catalog) 
Super Refractories for the 
Ceramic Industry 
Super Refractories for the 
Process Industry 
Super Refractories for Boiler Furnaces 
Super Refractories for 
Heat Treatment Furnaces 
Super Refractories for Gas Generators 
The Frax Line of Cements 
CARBOFRAX Refractory Skid Rails 
Porous Media for Filtration & Diffusion 


Dept No. C-70 
THE CARBORUNDUM COMPANY 
Refractories Division 
PERTH AMBOY, NEW JERSEY 





Phe PROGE i... 


. . is the eating”’ 


The Proof. . 
of the ALLOY 
is the HEATING 


Aamitting that provender proverb, “The way to 
a man’s heart is through his stomach”, fits gas- 
tronomically, it may be said with equal certainty 
that metallurgically the way to that coveted list- 
ing of “First Source of Supply” lies through 
Production and Cost RECORDS. 








N. product has yet been made but that some 
fellow can’t scheme a way to make it cheaper 
and sell it for less. There are even people who 
incerely believe that G.A. is too finicky about 
quality and controls, that they can leave out all 
those “fancy details” and just sell “castings” 


0. hand to keep those boys eating regularly 
are many companies who leave their High Tem- 
perature Tooling up to “casting buyers” who 
think in terms of first cost, of cents per pound 
of “castings” purchased. They even tell us, “G.A. 
spends too much on research; all we need is a 
convenient foundry.” 


Man “price buyers” are beginning to keep 
heat-hour RECORDS. Many of these buyers are 
starting to reach for value, rather than stoop to 
price 


Ti proof of your alloy is in the Heating, how it 
tands up under and over fire, in terms of L’seful 
Se ice Life, of Production Delivered. 


I; “That which is truly functional is truly beau- 
tiful”, then certainly the RECORD of Service 
Rendered by General Alloys engineered High Tem 
perature Tooling delights the efficient operator, 
long after the “pain” of patronizing a high bid 
ler is past. (G.A. is not always the highest bid- 
der.) Among our riches we count those competi 
tors who strive to do a good job, who will spend 
money to improve their product, and, of necessity, 


get it back with a profit 9) a 
Out to beat PRODUCTION RECORDS—REDUCE ELL, Z| 
CosTs? TAKA A 


We solicit your inquiries 


GENERAL ALLOYS COMPANY beller then uh 


nonren. WAeey Alloy (wit 


Oldest and Largest Exclusive Manufacturers of Heat and Corresion-Resistant Alleys” 
OFFICES OR REPRESENTATIVES IN PRINCIPAL CITIES 














Check the Ductility 
OF 


Sheet Metal 


WITH THIS 
FAST 
SIMPLE 
TESTER 


Pressure is applied easily. 
automatically — up to 30,000 
pounds, with the entire test 
carried to completion with the 
operation of only one control knob. 


Highly sensitive, this sheet metal tester permits fine readings. 
Test is made in plain view of the operator at all times. Operating 
mechanisms are completely and attractively enclosed in casing. 
as illustrated. 


Let Us Send Descriptive Literature 


DETROIT TESTING MACHINE CO. 


9390 Grinnell Avenue . Detroit 13, Michigan 














News... about 
~The Production of 
NODULAR CAST IRONS 


with 


New booklet describes-in detail 
a iV lol Mitel lalela'ms.l Sisltiel Meh | slash alla te 
by members of the British Cast lron 


Research Assoc otior 


For the first time. available 


United States 


Sent upon request 
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Stress Relief 





(Starts on page 80 
Stress Magnitudes 


It is obvious that effective stress 
relief requires some actual know! 
edge of the amount of stresses re 
maining in an overstressed metal 
after a given time at a certain tem 
perature. In the technique of stress 
relieving by heat there are three 
variables for each commercial alloy 
namely, stress, time and tempera 
ture Aside from the quantitative 
data contained in the book “Science 
of Petroleum” cited above, there are 
three important recent documents 
available: “The Effect of Time and 
Temperature on the Relief of Re 
sidual Stresses in Low Alloy Steels”, 
by J. K. McDowell and Paul ¢ 
Cunnick, Welding Research Supple 
ment, October 1944, and “Stress 
Relief of Weldments”, by J. R. Stitt 
Bulletins No. 121 and 123 of Ohio 
State University’s Engineering Ex 
periment Station, November 1944 
and September 1945 

A fourth document is worthy of 
abstract, since it was printed 13 
years ago in a_ publication littl 
known to metallurgists It is en 
titled “Residual Stress”, and is by 
William ¢ Stewart of the I S 
Naval Engineering Experiment Sta 
tion, published in Journal of the 
American Society of Naval Engi 
neers, V. 49, August 1937, p. 307 
Such an abstract follows 

he questions arise: “Is the cus 
tomary stress-relieving temperature 
unnecessarily high?” and “What 
proportion of the stress is relieved 
at this temperature?” 

These experiments were made 
rest pieces ('2 in. diameter, 4 in 
gage length) were machined with 
long threaded shoulders A heavy 
voke really a_ slotted slab of 
the same material was arranged s« 
the test piece could be tightened up 
until it stretched to its yield point 
(as determined by an attached ex 
tensometer). The extensometer was 
removed, the assembly heated for a 
given time and temperature, cooled 
the extensometer reattached, the 
nuts loosened, and the contraction 
measured. (A keyway prevented 
any torsion.) Stress relief was com 
puted from the difference in exten 
someter readings before and afte 

Metals tested were a plain car 
bon boiler steel KM (0.27 t, 

(Continued on page 116 








WHY GUESS THE TEMPERATURE 
... when you can dee it! 











THE NEW 


PYRO RADIATION 


PYROMETER 


Tells spot temperatures instantly —io heat 
treating furnaces, kilns, forging and fire 
boxes. No thermocouples, lead wires 
or accessories needed! Temperature is indi- 
cated on direct-reading dial at a press of the 
button. Any operator can use it. In two 
double-ranges for all plant and laboratory 
needs. Write for FREE Catalog No. 100, 


8 Instruments in One 
The Improved PYRO Surface Pyrometer handies — 


all surface temperature measuring jobs. Has 8 types of thermo 
couples; all interchangeable in seconds with no recalibration or 
adjustment. Automatic 
cold end compensator. 
Shock, moisture and 
dust proof. Accurate, 
big 4%" indicator. Avail- 
able in 5 temperature 
ranges. 


Just 
sight it... 
and press the 
button | 





isk for PREE « atalog 
No. 165 





The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


ie Manufacturers of Pyro Optical, Radiation, Immersion 
and Surface Pyrometers for over 25 years 





2400 F. 
attained quickly with 
“BUZZER” Full Muffle 

Furnaces 


Designed primarily tor heet treeting 
high carbon and alloy steels 


Yo BLOWEE ofr "OWRHM NECRSS ANY 


.. just connect te gas suppl» 


“BUZZER” Atmospheric 

Pot Hardening Furnaces 

assure even heat up to 
1650° F. 

Used for Salt, Cyanide ond Lead 
Hardening. Also edopted for 
Melting Aluminum. 

Send for the complete 
“BUZZER” catelog today. 


CHARLES A. HONES, inc. 


123 So. Grand Ave. 





Baldwin, L.I.,. N.Y 


ANSTER. 


ads 
extra STRENGTH 


AND WEAR LIFE TO 
Parts and Sections 


VANSTEEL Heat 
Hemmer heve 
for superior to 

any other materia! 
wsed for pelverizing 
Derpoves 


EVANSTEEL Wire Rope Sockets heve 
been made for forty year, one 
recorded service beilure 


You're looking at typical examples of 
modern engineering practice—parts 
made of EVANSTEEL because the job 
demanded maximum resistance to 
shock, abrasion, and breakage. 


EVANSTEEL is a chrome-nickel- 
molybdenum alloy with a tensile 
strength after annealing that averages 
up to 60% greater than ordinary car- 
bon steel. 


Include EVANSTEEL in your parts 
design—and get increased service life 
with greatly enhanced strength which 
permits use of smaller and lighter 
sections without lowering the safety 
factor. Material costs are substantially 
lowered 


EVANSTEEL Dipper 
Teeth lest longer re- 
jardiess of meterie! 
Coins dus 








@ We invite You 


ot the Chicego 
METAL SHO 
October 23-27 




















W rite for EVANSTEEL Bulletin 


CHICAGO STEEL FOUNDRY CO. 
Kedzie Avenue and 37th Street . Chicago 32, Iilinois 
Makers of Alloy Steel for Over 40 Years 
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PROPER DESIGN~ 
still the most 
important ingredient 


Despite the great advances in 
the use of alloy steels, the shape 
and proportions of a part are 
still of more vital significance 
than its material. 


In an overall view, we should 
rate Design (1), the choice of 
the proper Steel (2), and its 
Treatment (3), in that order of 
importance. All are, of course, 
matters of great concern, but 
if the design is wrong then the 
proper choice of steel and its 
successful treatment serve no 
useful purpose. 


What is the metallurgical sig- 
nificance of poor design? It 
promotes unhealthy stress con- 
centrations and troublesome 
variations in the proportions 
of adjacent parts. 

To stress the relationship of 
good design to metallurgical 
and economic factors, we have 
prepared a book helpful to 
designers, showing by sketches 
a great many factors in good 
and poor design which influ- 
ence the behavior of a part in 
service. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 





Please send your 


FREE BOOKLET 
3 KEYS To SATISFACTION 


Position 
Company. 
Address... 


VP 











Stress Relief 





(Starts on page 80) 
0.43% Mn, with tensile strength of 
63,600 psi. and proof stress of 
27,300 psi.); a manganese boiler 
steel KL (0.21% C, 1.44% Mn, 
0.11% Ni, with tensile strength of 
70,000 psi. and proof stress of 
34,900); carbon-molybdenum plate 
(0.19% C, 0.78% Mn, 0.18% Si, 
0.04% Cr, 0.02% Ni, 0.48% Mo, 
with tensile strength of 79,700 psi. 
and proof stress of 40,000 psi.); all 
weld metal; and hot rolled monel 
metal (0.08% C, 0.45% Mn, 66.4% 
Ni, 27.8% Cu, 2.05% Fe, 3.12% Al). 
Stresses existing in the three boiler 
steels after various heating pro- 
grams are shown in Tables I to IIL. 

The findings seem to confirm the 
practical usage of 1100 to 1200° F. 
as the proper stress-relieving tem- 
perature. It appears that relaxation 
up to 800° F. is rather modest even 
after 16 hr., but above that tempera- 
ture stresses are relieved quite rap- 
idly as temperature rises. A long 
heating at 900° F., which cuts the 
highest internal stresses in third, is 
an important fact to bear in mind 
when planning the annealing of 
carbon steel castings which would 
be inclined to sag severely at higher 
temperatures. 

Increased stress relief with time 
at all temperatures (except the low- 
est) indicates that “creep” is a fac- 
tor in stress relief. The hypothesis 
that weldments, even if not heat 
treated, will relax by creep at room 
temperature finds little justification 
in the figures for manganese steel 
heated at 400° F. Obviously the 
temperature is of more importance 
in stress relief than time. 

All Weld Metal— Test pieces 
were made of all weld metal from 
Grade EA mild steel electrodes, 
Class 2 (composition of deposit 
0.09% C, 0.55% Mn, tensile strength 
67,500 psi.). Deposits were made 
under conditions of current and 
speed that the temperature did not 
exceed respectively 250 (“cold”), 
320 (“*medium”), and 400° F. 
(“hot”). Relaxation curves were 
quite similar in shape to those of 
the rolled steel. For example, '-in 
round samples of “cold” weld metal 
prestressed to 53,000 psi. retained 
23,000 psi. after 1 hr. at 900° F. and 
22,000 psi. after 4 hr., quite similar 
to results for manganese steel. On 
the other hand, specimens of “hot” 

(Continued on page 118) 
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SERVRITE 


TYPE R 


Thermocouple 
Protecting Tube 


For Gordon Type 


: R tubes, made 
Cyanide and specially 
and 


treated for use 

with thermo- 

couples in cy- 
Salt ade and ie 
baths, not only 
give greater 
protection by 
preventing 
detrimental gas 
and penetra- 
have unusval- 
in service. Join 
satisfied users 
your tube re- 


infiltration | 
tion, but also 
ly long life 
the many | 
and lower 
placement costs. 
This is only one item in Gor- 
don's complete line of protect- 
ing tubes for practically every 
application. Over a million of 
them have been put in service 
in the past few years. No matter 
what your requirements in pro- 
tecting tubes are, both in reg- 
ular and special sizes, consult 
Gordon first. 


%* Write today for bulletin 
and information 


CLAUD S. GORDON CO. 
Specialists for 36 years in the Heat Treating 
and Temperature Control Field 
Dept. 15 © 3000 South Wallace St., Chicago 16, Ill 
Dept. 15 © 2035 Hamilton Ave., Cleveland 14, Ohio 
Sad 
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THE ss 
METALS 

YOU 

USE . 


Here are Authoritative Facts About Their 
Properties and Applications. 
Talk Frankly and for Your Benefit. 


Top Experts 


One or Mere of These @ Heoks Should He in Your Metallurgical Library 





Stainless Steels 


By Carl A. Zapfie, Consulting Metallurgist 


This book is written to provide both to present 
users and to potential users of stainless steel a rela- 
tively primary and easy-reading account of the field 
—an account which may err occasionally from ex- 
actitude of detail in its effort to convey important 
generalizations. The reader to whom the text is 
addressed is supposed to have only a smattering of 
metallurgy but a real interest in educating himself 
in this field regardless of his background. With no 
background whatsoever, he can still read with some 
gain Chapter I on history, Chapters IV, V, and VI 
on physical and mechanical properties, and possibly 
Chapter VII on general instructions for fabricating. 
In Chapters II and III, the more technically trained 
reader can go further to gain fundamental chemical 
and metallurgical understanding of these steels, which 
will fit him for a broad understanding of the whole field. 


o this book is a ‘must’ for the thousands 
of men working with stainless steels” 
A. H. d' Arcambal, V.P., Pratt & Whitney 


“I find that ‘Stainless Steels’ fills a long- 
wanted need in this particular field”"——L. H. 
Johnson, Chiet Engr., Struthers-Wells Corp. 


“Zapfie has a style of his own, which makes 
all of his publications valuable additions to 
any library”"—-W. B. Coleman, Pres., W. B. 
Coleman Co. 


TABLE OF CONTENTS 


Chapter I (Historical background of the Stainless steels 
Early Laboratory studies; Discovery; Development. 

Il: The phenomenon of Passivity; 

corrosion resistance; specific applications in 

Chapter III: Principles of constitution; effects 

effects of Chromium; effect of Nickel; effect of Nickel on 
Iron-Chromium alloys. Chapter IV: Class 1I-——-Martensitic; 
physical and mechanical properties; select a steel for « 
particular service. Chapter Class Il—Ferritic; physical 
and mechanical properties; selecting « steel for « particuler 
service. Chapter VI: Class IIl-—-Austenitic; physical and 
mechanical properties; some effects of heet treatment; select 
ing @ steel for a particuler service. Chapter VII: Production, 
fabrication and finishing 
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Sleeve Bearing Metals 
A Series of Educational Lectures 


TABLE OF CONTENTS 
“Introduction” by H. W. Gillett, Battelle Memorial Institute; “Funds 
mental Considerations Concerning the Behavior of Bearings” by R. W 
Deyton, Battelle Memorial Institute: “Some Generel Comments on Gear 
ings” by Carl E. Swarts, Applied Physics Laboratory ohns Hopkins Uni 
versity; “British Thought and Practice—How They er from American” 
by W. H. Tait, Glacier Metal Co., Ltd.; “Newer Bearing Materials” by 1. C 
Sleight, Specifications Engineer, Menasco Manufacturing Co. and L. W 
Sink, Bearing Engineer, P. R. Mallory & Co., Inc; “Aluminum Alloy Bear 
mer —yo~- Design and Service Characteristics” by H . Hunsicker, 
ief, Cleveland Research Division, Aluminum Company of Amer 
"Porous Metal Bearings” by A. J Lenghammer, Amplex Div., Chrysler 
; “Moraine Durer-100 Engine Bear J. A. Ligman, Bearing 
Engineer, Moraine Products Div.. General Motors Corp.; ‘Cast Bronze 
Bushings” by hton M. Long, Consulting Engineer; “Mex hanic al Features 
of Steel-becked rings” by E. Cranksheaw, Assistant Chief Engineer in 
Charge of Bearing Design and Application, Cleveland Graphite Bronze Co; 
“Lubrication” by E. Craenkshaw and J. Menrath, Design Specialist, Cleve 
land Graphite Bronze Co; “Bronze-becked Bearings” by B. Esarey, Chief 
Engineer, Nationa! Bearing Division, American ake Shoe Co. “Electro 
plated Bearings” by Ralph A. Schaefer, Director of Research, Cleveland 
Graphite Bronze Co.; “Prepar Cast Iron Surfaces for Bonding” by J. H 
Shoemaker, President, Kolene Corp; “The Selection of Bearing Materials” 
by Arthur F. Underwood, Research Leboratories Division, General Motors 
—e “Aircraft Engine Bearings” by J. Paisulich, Project Engineer, and 
R. Blair, Assistant Project aineer, Wright Aeronautical Corp.; “Selec 
tion of Bearing Materials in the Electrical Industry” by D. F. Wilcock, 
pson Laboratory, Genera! Electric Co; “Railroad Journal Bearings” 
by E. S. Pearce, President, Railway Service and Supply Corp 


250 pages......6x9.. 83 illus. red cloth..... .$5.00 














Physical Metallurgy of 
Aluminum Alloys 
A Series of Educational Lectures 
TABLE OF CONTENTS 
“Equilibrium Diag of Al Alloys”, by W. L. Fink, Chief, 
Physical Metallurgy Division, Alurunmum Research Leboratories; “Metallog 
taphy of Aluminum Alloys”, by F. Keller, Chief, Metallography Division 
Aluminum Research Leborstories; “Commercial Aluminum Casting Alloys” 
by W. E. Sicha, Assistant Chief, Cleveland Research Division, Aluminum 
Research Laboratories; “Commercial Wrought Aluminum Alloys”. by J. A 
Assstant Sot, Physical Metallurgy Division, Aluminum Research 
Laboratories “Thermal Tr of A Alloys”, by BE. H. Dia, Jr 
Assistant Director of Research, Aluminum Company of Americe 


165 illus. red cloth... $5.00 




















Magnesium 


A Symposium by 5 Authors—L. M. Pidgeon, pro- 
fessor and head of department of metallurgy, Uni 
versity of Toronto, Toronto; John C. Mathes, devel- 
opment engineer, Dow Chemical Co., Midland, Mich.; 
Norman E. Woldman, chief metallurgical engineer, 
Eclipse-Pioneer Div., Bendix Aviation Corp., Teter 
boro, N. J.; J. V. Winkler, metallurgist, Dow Chem- 
ical Co., Los Angeles; and W. S. Loose, metallurgist, 
Dow Chemical Co., Midland 

Based on five educational lectures, the book dis- 
cusses magnesium structural design as to weight- 
saving possibilities, allowable working stresses, and 
comparisons with other structural metals in columns, 
beams, tubes and fabricated structures. 

Magnesium casting is dealt with at length. Alloy 
additions, types of castings, foundry practices, heat 

treatment, metallography, machinability, welding, 
2 impregnation, surface finishes and properties are all 
considered 

Wrought alloys are discussed from the standpoint 
of composition, fabrication methods, drawing, press 
methods and controls, rubber forming, drop hammer 
methods, and such joining methods as riveting and 
+ arc, gas ard resistance welding. 


266 pages. ..6 x 9...118 illus....red cloth. . .$3.50 








July, 


The American Society for Metals 
7301 Euclid Ave., Cleveland 3, Ohio 


Please send me: 
Stainless Steels 
©) Sleeve Bearing Metals 
() Physical Metallurgy of Aluminum Alloys 
Magnesium 
Name Title 


Firm Street Address 


City Zone State 


Check enclosed () Bill me () 


1950; Page 117 








Bill my company () 





Table I — Remaining Stress in Carbon Steel Boiler Plate Prestressed 
to Yield (25,000 Psi.) 





Stress Relief 


Time 400° F. 800° F. 900° F. 1000° F.!1100° F.| 1200° F. 1300° F. 1400° F. 





20,600 18,400 16,900 13,600 | 10,000 7,000 4,500 3,100 
17,600 14,700 10,900 6,400 5,400 4,800 4,200 2,700 
(Starts on page =? 15,000 | 13,100 = 8,100 =5,000 §=64,800 | 4,000 | 2.500 2.000 
weld metal retained 15,000 psi. 13,900 | 11,300 7,800 5,600 4,500 3,600 | 2.500 | 2.000 
after I hr, and 14,000 after 4 hr. at 11,500 8,000 6.000 4,000 2.700 1,800 nil 
900° F. This favorable effect of de 
positing weld metal in a “hot” joint 
was evident in all tests at the lower 
stress-relieving temperature, but Table Il — Remaining Stress in Manganese Steel Boiler Plate 
vanished after relief at 1200° F. or Prestressed to Yield (40,000 Psi.) 
higher. 
Monel Metal — All samples were Time | 400° F. 800° F. 900° F.| 1000° F.| 1100° F.| 1200° F. 1300° F.| 1400° F. 
heated 1 hr. after prestressing to 2 ate : ’ m . " 
70,000 psi. Remaining stresses are eager a re rope 15,000 10,500 6,500 3,800 
600° F 66,000 psi mgr yon 22,000 12,000 9.500 7,500 5,300 1.500 
800 51,500 32, 26,500 20,000 9,500 8,000 5,300 2.500 nil 
1000 37.000 32,000 25,500 18,000 7,500 6,000 3,500 2,000 nil 
1100 22,000 } 24,000 | 15,000 9,000 5,000 3,000 1,000 nil 
1200 6,000; 8,000 (two test 
1300 7,000 
1400 5,000 
These results are for hot rolled Table Ill — Remaining Stress in Carbon-Molybdenum Steel Plate 
metal. Cold drawn material is fre Prestressed to Yield (43,500 Psi.) 
quently stress relieved at 800° F.; 
this permits bar stock to remain Time 100° F. 800° F. 900° F 1000° F. 1200° F 1300° F. | 1400° F 
true when machined, and does not 
introduce any uncertainties into the 1 hr. 26,200 23.500 19,500 7.500 8.000 none 
endurance limit. A 1200° anneal 4 36,000 | 27,000 23.500 16,200 
would ruin the mechanical proper s 27,700 
ties of cold worked material. 6 
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Designers and fab: 
idvantage of the inherent 
Lenape pierced rings of the type 
the OD and ID are press f 
limensions in one operation 


netal and hours of machine time 





to producing from bar stock 


Use Lenape heavy rings at less overall cost! 


Lenape forged and pierced rings in carbon 


— High Carbon - 
Harden- alloy and stainless steels are produced in a 
wide range of sizes from 6° OD «x "ID 

17" OD x 14” ID rough machined or 
finished to specification 


Rings of this type are f 


auxiliary tank fittings, he 


sv to Harden and 
I Jependable 
~ parts, as rollers, bearing sleeves, 
boxes 
t . ‘ Lenape forged and 
a 


covered 


COLUMBIA TOOL STEEL COMPANY 3 5 LENAPE HYDRAULIC PRESSING & FORGING CO 


DEPT. 109 WEST CHESTER, PA 
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... METAL 
Conveyor Belts 


g= < 
AGS 
cS 
~f 
Engineered and built by an or r 
ganization of moderate size with 
the will and ability to analyze . 


your problems and “Keep Your | 
Product on the move.” 


WRITE FOR 
ALUSTRATED 
CATALOG 47P 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIY « WORCESTER, MASS, 


. Bullcle + Chicege + Cleveland + Dewouw 
Soles Engineers located a Los Angeles * New York + Pittiburgh + Seattle 


Conadion Rep PECKOVER'S LID  Teronte Montreo! Hollies Winnipeg Vancouver 





HARPER WIRE ANNEALER . 


rwnents 298,636 wine in | vean 


The above W-tube electric atmosphere furnace hase been in 
continuous operation at « leading wire plant for the past two 
years without « trace of trouble 

Annealing of stainless steel wire in siece of 020 to D014" be 
done at the rate of 100 fom at 2000°-2200" F 

Vire of exceptionally uniform quality is obtained as a result of 
closely maintained uniform temperatures possible in thie 
furnace 

Harper Wire Annealing Furnaces are available in various 
sizes and what Harper has done for one mill can be duplicated 
for you. Write for data 


HAR PER ELECTRIC FURNACE CORPORATION 
1450 BUFFALO AVENUE + WIAGARA FALLS + WEW YORK 


Representatices in Principal Cities 














For ECONOMY’S SAKE 


Insta 


4x THURNER 
| Carno-cieas ER 


Install a Thurner CARBO-CLEANER and you'll end 
at once the pitting and waste of heating time caused 
by insulating dirt...the cost in man-hours spent in the 
removal of undesirable materials from used carburizer! 


The Thurner CARBO-CLEANER is a low-priced, 
automatic carburizer cleaning machine that is de- 
signed to cut manufacturing and heat treating costs 
without sacrifice of workmanship! 


CARBO-CLEANER is easy to operate .. . the used 
carburizer is dumped into the machine, it is fed 
automatically into a rotary drum and passed over 
23% feet of screen. All undesirable material is com- 
pletely removed and the reclaimed carburizer returned 
clean and aerated, ready to use again! 


WRITE FOR COMPLETE DETAILS! 





THURNER ENGINEERING CO. 
BO1 WEST NATIONAL AVENUE 
MILWAUKEE 4, WISCONS 
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be Your bai TREATING 


Our Services: Carbonitriding, Electronic Induction Hardening, Flame 
Hardening, Heat Treating, Bar Stock Treating and Straightening (mil! 
lengths and sizes), Annealing, Stress Relieving, Normalizing, Pack, Gas, or 
Liquid Carburizing, Nitriding, Speed Nitriding, Aerocasing, Chapmanizing, 
Cyaniding, Sand Blasting, Tensile and Bend Tests. 


ipprowed Steel Treating Equipment by U.S Serial No. DE-sS ough 30 


Labeda Stel Srproveriaal (ii 


| <4 S418 LAKESIDE AVE, CLEVELAND 14, GHIO HENDERSON 19100 
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Vetal Progress: Page 120 


1709 West &th St., 


Los Angeles 14—DUnkirk 2-8576 


CLEVELAND 3, OHIO—W. H. EISENMAN, SECRETARY 


Harper Electric Furnace Corp 
Hevi Duty Electric Co 
Holcroft & Co. 

Hones, Inc., Charles A 
Hoskins Mfg. Co 


Houghton & Co., E. F 


Induction Heating Corp 
Inland Steel Co. 
International Nickel Co., Inc 


Johns- Manville 
Jones & Laughlin Stee! Corp 


Kemp Mfg. Co., C. M 
Kus Machine Co. 


Lakeside Steel Improvement Co 120 
LaSalle Steel Co 43 
Leeds & Northrup Co 5 
Lenape Hydraulic Pressing & Forging Co. 118 
Lepel High Frequency Labs 103 
Lindberg Engineering Co 9 
Linde Alr Products Co., 

Unit of Union Carbide & Carbon Corp 4 


Maurath, Inc $28 

Michigan Steel Casting Co so 

Minneapolis-Honeywell Regulator Co 
(Industrial Division 107 


National Carbon Div., 

Union Carbide & Carbon Corp 
National Machinery Co 
Norton Co 


Ohio Crankshaft Co 
Ohio Steel Foundry Co 
Olsen Testing Machine Co 


Pangborn Corp 

Park Chemical (x 

Pressed Steel Co 
Pyrometer Instrument Co 


Republic Steel Corp 
Revere Copper & Brass, Inc 
Riverside Metal Co 
Rockwell Co., W. 8S 
Rolock, Inc 


St. Joseph Lead Co 

Sharon Steel Corp 45 
Sperry Products, Inc 32 
Standard Alloy Co., Inc 92 
Stuart Oil Co., D. A 108 
Surface Combustion Corp. Inside Front Cover 
Thurner Engineering Co 

Timken Roller Bearing Co 

Titanium Alloy Mfg. Co 


Union Carbide & Carbon Corp 
Vanadium Corp. of America 
Westinghouse Electric Corp 
Wheelco Instruments Co 
Wheelock, Lovejoy & Co., Inc 
Wilson Mechanical Instrument Co 


Wisconsin Steel Co 


Youngstown Sheet & Tube Co 
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Small EF Forced Circulation Furnace for 
Brazing, Solution Treating amd Aging 
tlemmam Products, 


Completely Automatic FF Furnace Heats and Quencbes 
Alaminam Shapes ab to W Feet Louse 


furnace to handle any 
product or production 


@ Our wide experience in the processing of aluminum, mag- 


nesium and other non-ferrous and ferrous products can save you 
time and money. We build continuous and batch type furnaces,— 
gas fired, oil fired or electric . . . whichever is best for your 
particular requirement — furnished complete with all necessary 
charging, discharging, quenching, special atmosphere and 
special handling facilities. For long, efficient, trouble-free service, 


let EF engineers work with you on your next furnace problem. 








ite, 
Gas-Fired, Oil-Fired and Electric Furnaces 
for any Process, Product or Production 


THE ELECTRIC FURNACE CO. 
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ARISTOLOY 
SHELLS 


a 

STANDARD STRUCTURAL ALLOY 
BEARING QUALITY + ALLOY TOOL 
SPECIALTY + NITRALLOY 

CARBON TOOL « STAINLESS 
MAGNAFLUX — AIRCRAFT QUALITY 


COPPERWELD STEEL COMPANY, warren, onio 


117 Liberty Street 1578 Union Commerce Building 


528 Fisher Building 
New York, New York Clevelend, Ohio 


Detroit, Michigan 
176 W. Adams Street 7251 General Motors Building 
Chicago, Iilineis Detroit, Michigan 


P. O. Box 1633 403 W. Eighth Street 
Tulsa, Oklahoma Les Angeles 14, California 


3104 Smith Tower 
Seattle, Washington 


Monadnock Building 


San Francisco 5, Calif. 


ARISTOLOY 
STEELS 





